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Step 3. What would be the operational and economic consequences of a decision to
regulate a special waste under Subtitle C?

If, based upon the previous two steps, EPA believed that regulation of a waste under Subtitle C might
be appropriate, then the Agency evaluated the costs and impacts of two regulatory alternatives that are based
upon Subtitle C, and one alternative that reflects one possible approach that might be taken under RCRA
Subtitle D. The focus of this inquiry was whether the magnitude and distribution of regulatory compliance
costs might jeopardize the continued economic viability of one or more generators if the waste were to be
regulated under the Subtitle C regulatory scenario. The key questions in the Agency’s decision-making process
were as follows:

L Are predicted economic impacts associated with the Subtitle C scenario significant for any of
the affected facilities?

2. Are these impacts substantially greater than those that would be experienced under th
Subtitle D-Plus scenari0? :

3. What is the likely extent to which compliance costs could be passed through to input and/or
product markets, i.e., to what extent could regulatory cost burdens be shared?

4. In the event that significant impacts are predicted, might a substantial proportion of domestic
capacity or product consumption be affected?

5. What effects would hazardous waste regulation have upon the viability of the beneficial use or
recycling of the special waste?

In EPAs judgment, absence of significant impacts or high pass-through potential suggested that Subtitle C
regulation might be appropriate for wastes that pose significant risk. In cases in which even relaxed Subtitle C
standards would impose widespread and significant impacts on facilities, and/or deter the safe and beneficial
use of the waste, EPA concluded that regulation under some form of Subtitle D program might be more
appropriate.
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Based on both quantitative and qualitative assessments of the available industry and market
information, EPA estimated the most likely incidence of compliance costs across the following market
segments:

Segment Type of Impact

. Regulated Industry . Lower Profits

. Labor . Lower Wages/Fewer Jobs
. Supplying Industries . Lower input Prices/Smailer

Markets
. Intermediate U.S Product * Higher Product Prices
Markets
. Final U.S. Markets . Higher Product Prices
. Foreign Markets - Higher Product Prices
\L% — —

In general, the type of impact in the regulated industry involves higher costs and lower profits,
including the possibility of continual negative profits and associated plant closures. The type of impact in
other segments involves adverse changes in market prices (higher prices for buyers and lower prices for sellers
of mineral processing inputs) and reductions in market size.

The levels of impacts were assessed on the basis of relatively near-term changes in market conditions.
For example, the ability of the affected firms to pass-through compliance costs in the form of higher product
prices would be shown to mitigate the direct impact of the proposed rule on the regulated industry. The
possibility th. : higher U.S. prices might then attract new foreign competit n, increase imports, and eventually
result in lower U.S. product prices has not been factored into EPA's ana sis.

22.6 Summary

Based upon the analysis of the study factors found at §8002(p) as described above, EPA has arrived
at preliminary findings that are relevant to the appropriate regulatory status under RCRA of the special wastes
from mineral processing. These findings were arrived at through an explicit evaluation process, which is
described below. In this process, the Agency considered the study factors in a step-wise fashion, first assessing
the need for additional regulatory controls (or absence thereof), then evaluating the options for appropriate
requirements that could be applied to each individual waste stream for which additional controls might be in
order. In applying this framework, EPA has employed a number of assumptions, which are described in the
following paragraph. Each sector-specific chapter in this volume concludes with a summary that highlights
the major findings of this study for the waste(s) of interest, organized by the issues presented in sequence
below. EPA's preliminary conclusions regarding the appropriate regulatory status of each special mineral
processing waste are presented in Volume [ of this report.

The first assumption that the Agency has employed is that explicit decision criteria were needed and
should be applied uniformiy to all of the special study wastes. In this manner, consistent and reasonable
decisions regarding the need for additional regulatory controls can be achieved. The second major assumption
guiding EPA's decision-making process was that the study factors that are most important in establishing the
regulatory status of the special wastes are risks posed and documented damages caused by the wastes, and the
costs and impacts that would be associated with more stringent regulatory controls. The reason for this is that
in the absence of potential risk and/or documented damages, there is no need for hazardous waste regulation
under RCRA Subtitle C (the key issue in question); if greater regulatory controls are needed because of
significant potential or documented danger, the costs and impacts of regulatory controls are the critical factor
in determining whether a given alternative would lead to the desired outcome (adequate protection of human
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health and the environment, and continued operation of the affected industries). EPA also believes that 1t
has developed and analyzed regulatory compliance scenarios that are realistic from an operational and
engineering standpoint, and that are likely to be adequately protective of human health and the environment,
i.e., could be implemented by facility operators and would result in societal benefits. Finally, because the waste
management controls that might be imposed under the auspices of Subtitie D or developed under the
regulatory flexibility provided by RCRA §3004(x) are not well-defined at this juncture, the focus of EPA's
comparisons of the desirability of Subtitle C and Subtitle D regulation has been on the full Subtitle C and
Subtitle D-Plus scenarios, rather than on Subtitle C-Minus and baseline conditions. Nonetheless, because of
the high volume nature of the special mineral processing wastes, EPA believes that an effective and
appropriate regulatory program for the management of these materials should be tailored to reflect their
unusual characteristics; the Agency’s preliminary assessment of how these programs might be tailored in this
way is reflected in the Subtitle C-Minus and Subtitle D-Plus scenarios described in the previous section.

Evaluation Criteria

Step 1. Does management of this waste pose human heaith/environmental problems? Might
current practices cause problems in the future?

Critical to the Agency’s decision-making process is whether each special waste either has caused or
could cause human health or environmental damage. To resolve this issue, EPA has posed the following key
questions:

1. Has the waste, as currently managed, caused documented human health impacts or
environmental damage?

2. Does EPA’s analysis indicate that the waste could pose significant risk to human health or the
environment at any of the sites that generate it (or ir Off-site use), under either current
management practices or plausible mismanagement scen -ios?

3. Does the waste exhibit any of the characteristics of hazardous waste?

If the answer to any of these three questions was yes, then EPA concluded that further evaluation was
necessary. If the answer to all of these questions was no, then the Agency concluded that regulation of the
waste under RCRA Subtitle C is unwarranted.

Step 2. Is more stringent regulation necessary and desirable?

If the waste has caused or may cause human health or environmental impacts, then EPA concluded
that an examination of alternative regulatory controls was appropriate. Given the context and purpose of the
present study, the Agency focused on an evaluation of the likelihood that such impacts might continue or arise
in the absence of Subtitle C regulation, by posing the following three questions:

L. Are current practices adequate to limit contaminant release and associated risk?

2. What is the likelihood of new facilities opening in the future and generating and managing the
special waste in a different environmental setting than those examined for this report?

3. Are current federal and state regulatory controls adequate to address the management of the
waste?

If current practices and existing regulatory controls are adequate, and if the potential for actual future impacts
is low (e.g., facilities in remote locations, low probability of new facilities being constructed), then the Agency
tentatively concluded that regulation of the waste under Subtitle C is unwarranted. Otherwise, further
examination of regulatory alternatives was necessary.
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Data Sources

The U.S. Bureau of Mines provided most of the industry and market data on which EPA has based
its assessment of the economic conditions facing each mineral commodity sector. The Minerals Yearbook 1987
and Mineral Commodity Summaries 1989 are the major published sources of data from the Bureau of Mines,
but additional BOM data were obtained from contacts with the Bureau’s Mineral Commodity Specialists. Data
from the Technical Background Document!® and trade journals, including Chemical & Engineering News,
were also used. World Metal Statistics, published by the World Bureau of Metal Statistics, was used to
characterize global markets for some mineral commodity sectors.

Methodology

The economic impact analysis was conducted in two steps. The first includes a set of screening indices
to test the significance of compliance costs. These indices were based on capital investment requirements and
other compliance costs in relation to current costs, sales, and financial performance indicators for each sector.
For sectors where the screening analysis suggested potentially significant compliance costs, the Agency further
evaluated the nature and incidence of potential economic impacts, including a review of the competitive
position of affected facilities within each sector and in relevant input and product markets to determine pass-
through potential. Combined, the two parts of the analysis describe the magnitude of economic impacts and
the way that they can be expected to spread from regulated mineral processing sectors to other segments of
the U.S. economy.

Screening Level Test of Significance The objective of this screening analysis was to determine
which affected facilities and mineral commodity sectors might experience significant compliance costs. The
screening indices used to determine significance are displayed in Exhibit 2-8. The underlying data used to
compute the indices are described in Appendix E-4 to this document, v ~:le the results of the ratio analysis
are presented in tabular form by commodity sector in Appendix E-5.

In general, if more than two of the screening indices for a given sector were exceeded, EPA assumed
that the economic impact on that facility or sector might be significant. and evaluated compliance costs in
greater depth. Facilities and sectors facing compliance costs below the threshoids were regarded as unlikely
to experience significant economic impacts associated with new regulatory requirements. For those sectors
with potentially significant compliance costs, EPA then assessed the most likely distribution or "incidence" of
economic impacts.

incidence of impacts The cost of regulatory compliance is not incurred only by firms in the
regulated sector. To prevent plant closures and layoffs, workers may make wage concessions; to prevent supply
shortages, customers may pay higher prices (because the affected industries generally produce intermediate
products); and to maintain markets, suppliers may accept lower prices for mineral processing inputs. This may
cushion the direct impact of compliance costs on the regulated indusiry and spread them to other segments
of the U.S. economy.

In general, the pass-through of compliance costs follows the path of least market resistance. Where
all facilities in the affected sector face similar compliance costs and produce commodities for which there are
few alternative supply sources or substitute materials, there is a high likelihood that moderate compliance costs
can be passed forward in the form of higher product prices. On the other hiand, where only a small proportion
of facilities in a sector are affected, or alternative supplies or substitute materials are abundant, the opposite
may be true. Similar possibilities exist in input and labor markets where the regulated sector may be able to
negotiate wage or price concessions in order to remain in operation or continue operating at current levels.

B 1S. EPA, 1989 Techmical Background Document -- Development of the Cost. Economic. and Small Business Impacts Ansing from
the Reinterpretation of the Bevill Exclusion for Mineral Processing Wastes, Economic Analysis Staff, Office of Solid Waste, August 18.




2-34 Chapter 2: Methods and Information Sources

Exhibit 2-8
Indicators of Significant Economic Impact

Screening index Symbol Description
Compliance Costs as Percent of Sales CCNOS Percent by which product price would need to in-
crease to maintain current production and profits with
compliance
Compliance Costs as Percent of Value Added CCVA Percent reduction in value added due to outlays for
compliance
Capital Investment Requirements as Percent ot IRVK Percent of current capital expenditures that would
Current Caprtal Outiays need to be diverted to compliance uses if total
capital outlay remained constant

In all cases, the ability to pass through compliance costs depends on the initial incidence of compliance costs
within the affected sector and the concentration and interdependency of buyers and sellers in relevant input
and product markets.

The price sensitivity of buyers and sellers in relevant markets cannot be estimated precisely but
enough information is available about industry and market conditions and relevant market trends to assess the
most likely distribution of economic impacts. For example, current wages and salary data can give an
indication of whether some firms may be able to pass compliance costs back to labor. For purposes of
analysis, information about factor and product markets related to each a “ected mineral processing sector has
been organized on the basis of the following criteria:

MARKET CONCENTRATION
. Affected sectors as sellers in U.S. and world markets
. Affected sectors as buyers of inputs and labor
INTERINDUSTRY DEPENDENCE
o Availability/cost of alternatives

. Availability/cost of substitutes

INDUSTRY/MARKET TRENDS
. U.S. mineral production and consumption
o Global mineral production and consumption

. U.S. mineral imports and exports
VALUE ADDED

J Contribution of material and processing costs to the price of fabricated/manufactured
product
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EPA has estimated the costs of waste management for each individual facility that may be affected
by new regulatory requirements for up to four waste management scenarios. Cost equations deveioped from
an engineering analysis of each technology are used to estimate the costs for each individual management
practice used. The sum of the costs equals the total facility cost. Under three alternative regulatory scenarios
examined here, four types of costs can be incurred:

. Capital investment costs, both direct and indirect, incurred initially and in each year that
the technology is operated (e.g., construction of new disposal units). Capital costs
incurred annually are treated as operating costs;

. Annual operating and maintenance (O&M) costs, both direct and indirect (e.g.,
materials, labor, utilities);

. Capital costs (direct and indirect) for facility closure; and

. Annual costs of post-closure care and maintenance.

Most of the facilities of interest are not currently required to perform formal closure and post-closure care
activities. Accordingly, in EPA's analysis, most facilities are assumed to experience only capital and O & M
costs under the baseline scenario.

Costing Equations

EPA has developed cost estimating equations that reflect the current waste management practices
employed by the facilities of interest, as well as the practices that would be required under alternative
regulatory scenarios. In analyzing each facility, total management costs are built up by determining which
specific requirements apply (e.g., obtaining permits, installing run-on/run-off controls, constructing a tank
treatment system), estimating the cost of each requirement for a given waste stream at the facility, and adding
the costs of each requirement. EPA used these technology-specific costs to calculate the total annual
compliance costs (ACCs) for utilizing a given management requirement The ACC for a waste management
practice is the sum of the ACCs for the treatment, storage, and dispo: : steps in that waste management
practice. In this way, all costs of currently used management techniques are accounted for, and only the items
that would actually apply at a particular facility are used in calculating incremental waste management costs.

Analytical Assumptions

In general, most of the waste streams considered in this report do not exhibit characteristics of
hazardous waste. In conducting this cost analysis, EPA has assumed that waste streams are potentially
hazardous at individual plants only if data submitted by industry or EPA sampling indicate failure of hazardous
waste characteristic tests, for most waste streams.!” In these cases, the waste(s) are assumed to be candidates
for Subtitle C and Subtitle C-minus regulation, and are examined in the cost analysis on that basis. Otherwise,
wastes are assumed to be non-hazardous, except for waste streams which may pose risks that are not addressed
by current Subtitle C hazardous waste characteristics tests (e.g., radioactivity), or for which special
circumstances justify a modified cost analysis approach.

For those wastes assumed to be candidates for regulation under one or more alternative scenarios,
it is often the case that more than one management train would be available. In these instances, and in
keeping with the profit-maximizing behavior expected of facility operators, the Agency selected the least-cost
alternative for managing each waste under each regulatory scenario. The costs of each scenario/least-cost
management practice combination were then compared to the estimated cost of current management practices,
in order to develop incremental regulatory compliance costs.

"The preponderance of evidence indicates that a small number of wastes are likely to exhibit hazardous charactenstics at most
(including unsampled) facilities; in its costing analysis, EPA has assumed that these wastes would exhibit charactenstics of hazardous waste
at all faciliies unless actuai samphing data indicated a contrary resuit.
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In estimating costs for specific waste management technologies, the Agency made a number of costing
assumptions, which are described in Appendix E-3 to this report. Detailed results of EPA's compliance cost
analysis are presented in a technical background document that may be found in the supporting docket for
this report.

Evaluation of Economic Impact

Section 8002(p) requires that EPA examine, in addition to incremental costs, the impacts of waste
management alternatives on the use of natural resources, and, by implication, the entities (firms) that would
be subject to new waste management requirements. If subjected to new regulatory requirements, firms in
affected mineral processing sectors will incur compliance costs which will generate both direct and indirect
economic impacts. Direct impacts on the company include lower profits and the reduced value of assets
because of anticipated reductions in future profits. Indirect impacts are associated with the "pass through” of
compliance costs either backwards in the form of lower wages paid to workers and/or lower prices paid to
suppliers, or forward in the form of higher prices charged to customers. Additional direct and indirect impacts
on the local or national economy are associated with the possibility of plant closures and associated job and
income losses, reductions in federal, state, and county tax revenues, possible changes in the U.S. balance of
trade, and increased reliance on foreign sources for critical mineral supplies.

EPA's economic impact assessment of prospective requirements has two parts. First, the Agency put
the compliance costs for each affected commodity sector into context by comparing them with other cost and
sales figures for the sector. The Agency considered compliance costs to be possibly significant and requiring
further evaluation if they were greater than or equal to:

. 1 percent of sales and/or value added;
. 5 percent of current capital outlays i.e., sustaining capital (based on capital compliance
costs).

The data used to apply these screening tests are based on standard accounting measures of cost and financial
performance, and in general were obtained from published sources. Throughout, EPA has conducted its
analysis on a facility-specific basis.

When EPA determined that compliance costs for a facility or mineral processing sector exceeded the
screening threshold value for at least two of the indices, the Agency examined the competitive position of
affected firms within the sector and conditions in relevant input and product markets to assess the ability of
affected firms to pass through compliance costs to workers, to suppliers, and to customers, including foreign
markets. The Agency based this assessment on information about industry and market trends, buyer and seller
concentration, and inter-industry dependencies. Where the possible pass-through of compliance costs was to
other sectors of the U.S. economy, they were viewed as transfers of economic impacts or shifts in the
"incidence” of compliance costs; where the pass-through was to foreign markets EPA viewed them as potential
reductions in U.S. compliance costs and economic impacts.

The following paragraphs describe the data sources that EPA used to characterize the financial
performance and industry and market characteristics for each mineral commodity sector. Then, the Agency
discusses the methodology for evaluating the significance of compliance costs for each sector and for assessing
the most likely distribution of compliance costs across market levels. The sector-specific discussions that
follow this chapter provide economic profiles of each affected industrial sector, including information about
product markets, input factor markets, and trends in production and consumption.
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regarding the development and application of the Subtitle C-Minus scenario to individual waste streams and
facilities is provided in Appendix E-3 to this report.

Subtitle D-Plus Scenario

The third and final regulatory alternative considered by the Agency for this analysis of regulatory costs
and impacts is regulation under one possible approach to a RCRA Subtitle D (solid, non-hazardous waste)
program. The approach described here has been developed solely for analytical purposes by EPA staff, and
is tailored to address some of the special characteristics of mineral processing wastes. The reason for inclusion
of a Subtitle D scenario in this report is that the Agency is presently developing a tailored program to address
mineral extraction and beneficiation wastes under Subtitle D, and could consider applying this program to any
of the 20 mineral processing wastes that remain excluded from regulation under RCRA Subtitle C after the
regulatory determination that will follow, and be based upon, this report and on changes made due to
comments received from the public and inter-agency discussions.

Substantively, the Subtitle D-Plus program would be a state-implemented program based on a
minimum set of federal technical criteria and provisions for state program primacy. The technical criteria
contained within the program would consist essentially of provisions for the state establishment of media-
specific performance standards for ground water, surface water, air, and soils/surficial materials. The Subtitle
D-Plus scenario also contains technical criteria for a variety of required owner/operator activities, including
design and operating criteria, monitoring criteria, corrective action requirements, closure and post-closure care
criteria, and financial responsibility requirements. These prospective regulatory provisions are summarized
in Appendix E-2 to this document. The Agency has also identified and categorized all provisions of the
Subtitle D-Plus scenario having potential cost implications. These groups of requirements are listed in
Exhibit 2-7 and serve as the starting point for EPA’s compliance cost analysis. Additional detail regarding the
manner in which these requirements have been applied to individual facilities is provided in Appendix E-3 to
this document.

Costing Assumptions and Methods

This section provides a brief overview of the methodology and assumptions that EPA has used to
estimate compliance costs for regulation of special mineral processing wastes under the four regulatory
scenarios described above.

Costs of regulations can be viewed in two contexts, economic and financial. The two contexts consider
regulatory costs in two very different ways for different purposes. The economic context considers impacts on
society at large, while the financial context evaluates effects on firms, facilities, and other discrete entities. For
this report, EPA has considered only the financial context, that is, impacts on firms and facilities. Thus, in
keeping with the statutory directives articulated at RCRA §8002(p), EPA's analysis employs a financial
perspective which attempts to evaluate the actual costs that would be incurred by those firms subject to
regulation. The willingness and ability of firms to comply with the regulations (instead of discontinuing the
regulated activity) are influenced by the magnitude and timing of compliance costs, market and competitive
factors, and firm-specific financial considerations, such as the costs incurred by the firms to obtain capital.

Consequently, in conducting this analysis, EPA has employed data and assumptions that reflect the
focus on the individual facility/firm. For example, the Agency has employed a discount rate that approximates
the likely true cost of obtaining financing for regulatory compliance-related expenditures, rather than a "social”
discount rate, or cost to society, and has computed costs on an after-tax basis, to better reflect the financial
impacts that might be imposed by new regulatory requirements.



2-30  Chapter 2: Methods and information Sources

Exhibit 2-7

Regulatory Requirements: Subtitle D-Plus Program Scenario

Category

Requirement

r Reguilated Materials Characterization

Regulated Materiais Characterization

Design and Operating Criteria

e o & o s o @

Structural Stability

Run-on/Run-off Controls

Land Application Requirements

Biological Resources Protection

Site Access Control

Inspections

Location Standards:
Floodpiains

. Seismic Zones, Unstable/Fault Areas
Karst Terrane
Wellhead Protection Areas

Unit-Specific Requirements:

- Waste Piles

- Landfills

- Surface Impoundments

- Gypsum Stacks

- Tank Treatment Systems

Monltoring

Ground-Water Monitoring
Surface Water Monitoring
Air Monitoring

Corrective Action Plan
Corrective Action Activities:
. Source Control

- Remediation

Closure

Final Regulated Materia's Characterization

Continued Compliance with Design and Operating Criteria
Closure Plan

Closure Activities

- Run-on/Run-off Controis

- Stabilization/Neutralization

- Wind Dispersal Control

- Removal of Materials, Decontamination (Tanks)

Post-Closure Care

Continued Compliance with Design and Operating Criteria
Post-Closure Care Plan

Post-Closure Care Activities

- Maintenance of Closure Activities

Financial Responsibility

Cost Estimating Methods

Environmental impact Liability
Corrective Action
Closure/Post-Closure Care

%

In EPAs cost estimating analysis, the first step was to estimate the costs of waste management
activities and the distribution of these costs over time. The second step was to discount all future costs to the
present and then calculate the equivalent annualized compliance cost (ACC), incorporating the specific
requirements of the context being examined. The annualized compliance cost is the average annual cost
(annuity) over the life of the facility that has the same total present value as the actual expenses incurred at
their actual times. This method offers the distinct advantage of allowing comparisons between scenarios and
among industrial sectors that may incur compliance costs of different types and/or at different times.
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impose new costs on the operators of the mineral processing facilities considered in this study. These groups
of cost-related requirements are listed in Exhibit 2-6 and serve as the starting point for EPA's comphance cost
analysis. Additional detail regarding the manner in which EPA has computed the costs of these individual
provisions is provided in Appendix E-3.

Subtitie C-Minus Scenario

To assess the potential costs and impacts of less stringent regulation, EPA has evaluated an
intermediate Subtitle C scenario ("Subtitle C-Minus") that assumes that EPA exercises all of the regulatory
flexibility provided by Section 3004(x) of RCRA. Section 3004(x) does not give EPA authority to waive
Subtitle C requirements based on cost alone. Rather, this provision allows EPA to provide some regulatory
flexibility to mitigate the economic impacts of Subtitle C regulation on the industries generating certain special
wastes, provided that adequate protection of human health and the environment is ensured. This flexibility
allows EPA to modify the relevant provisions to take into account the special characteristics of (in the current
context) mineral processing wastes, practical difficulties in implementing the specific RCRA Subtitle C
requirements, and site-specific characteristics.

For purposes of estimating the costs of this regulatory alternative in this Report 1o Congress. EPA
has identified and evaluated what it believes would be the minimum allowable extent of regulation under
Subtitle C (i.e., the maximum allowable application of regulatory flexibility) that comports with the statutory
requirement of ensuring adequate human health and environmental protection. EPA stresses, however, that
the hypothetical Subtitle C-Minus scenario analyzed here does not reflect the Agency’s actual determination
as to which Subtitle C requirements might be altered and to what extent through the 3004(x) mechanism for
any of the wastes or industries studied in this report, though it does reflect an attempt to craft tailored
Subtitle C requirements that are operationally and economically feasible at the facility level. Moreover, EPA
believes that the scenario provides a meaningful "lower bound” for estimating the potential compliance costs
that would be imposed under Subtitle C. In other words, estimated Subtitle C-Minus compliance costs and
associated impacts are likely to understate the actual impacts that would be imposed if the special mineral
processing wastes are withdrawn from the Mining Waste Exclusion, at 1¢ .t for some commodity sectors and
facilities.

This scenario uses many of the same assumptions as the full Subt:tle C regulatory scenario, with three
notable exceptions:!®

. The prohibition on placing liquids in Subtitle C landfills does not apply;
. Land Disposal Restrictions do not apply; and

. On-site waste management practices, for special mineral processing wastes meet only
pre-HSWA Subtitle C technological requirements, rather than the minimum technology
required under 3004(o0) and 3005(j) of the amended RCRA statute.

Potentially hazardous wastes managed on-site are awarded this regulatory flexibility. Candidate
Subtitie C wastes managed off-site, however, are assumed to be sent to facilities that comply with all provisions
of Subtitle C. Most other assumptions made for the full Subtitle C regulatory scenario with respect to the
choice of waste management technologies apply to the Subtitle C-minus regulatory scenario as well.

Nonetheless, one important aspect of the way in which EPA has evaluated the implications of RCRA
§3004(x) is that site-specific variability in risk potential and waste-specific variability in existing management
practices has been explicitly factored into the analysis. Subtitle C-Minus waste management requirements are
less stringent at facilities at which the potential for contaminant release and transport are low than at facilities
at which such potential is high. For example, all else being equal, requirements at a facility overlying shallow
ground water with high local net recharge and porous soils are more stringent than at an otherwise similar
facility located in an arid region with deep ground water and relatively impermeable soils. Additional detail

a5 a‘plained further below, EPA has not estimated corrective action costs in prepanng this report, though relaxation of corrective
acuon requirements 1s a potentially significant aspect of RCRA §3004(x)
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Exhibit 2-6

Reguiatory Requirements: Subtitle C Scenario

Category

Requirement

RCRA §3010 Notffication

Notification

Permit Requirements

Exposure Potential information

Chemical and Physical Analysis of Waste(s)
Waste Analysis Plan

Site Security

Inspections

Location Standard Studies

Topographical Map

Ground-Water Protection Study

Preparedness and Prevention

internal Communication/Alarm System
Water Sprinkler System

Design and Operating Criteria

Land Disposal Restrictions

Tank Requirements:

- Secondary Containment

- Construction Requirements

Surface impoundment Requirements:

- Existing - Liner or No Migration Demonstration

. New — Double Liner, Leachate Collection System

Waste Pile Requirements:

- Liner

- Leachate Collection and Removal System

- Run-on/Run-off Contrc's

- Wind Dispersal Contrc .

Landfill Requirements:

- Existing — Liner and Leachate Collection System

- New - Doubie Liner, Cual Leachate Collection System

- Run-on/Run-off Controis

- Wind Dispersal Control

Land Treatment Requirements:

- Proof of Contaminant Degradation, Transformation, or
Immobilization

- Run-on/Run-off Controls

- Wind Dispersal Control

- Permit for Fieid and Greenhouse Testing

- Soil/Liquid Monitoring

- Crop Distribution Plan

Monitoring

GroundWater Monitoring

Corrective Action

Corrective Action Plan
Corrective Action Activities
- Source Control

- Remediation

Closure

Remove/Decontaminate Residues
Stabilize, Cover Waste(s)

Post-Closure Care

Monitoring
Maintenance

Leachate Collection
Run-on/Run-oft Control

Financial Responsibility

Environment Impairment Liability
Sudden Release of Contaminants
Non-Sudden Release of Contaminants
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14

waste categories. Under this provision, many significant RCRA requirements'> for wastes may be

modified

"...to take into account the special characteristics of such wastes, the practical
difficulties associated with implementation of such requirements, and site-
specific characteristics, including but not limited to the climate, geology,
hydrology and soil chemistry at the site, so long as such modified requirements
assure protection of human health and the environment.”

Costs associated with the remaining regulatory alternative, the "Subtitle D-Plus” management program,
on the other hand, are intended to be illustrative only. Although EPA is in the process of developing a
Subtitle D program for mineral extraction and beneficiation wastes, the specific elements of this program
remain to be determined. Whether and to what extent the ultimate mining wastes regulatory program
resembies the Subtitle D-Plus regulatory scenano described here cannot be known at this juncture. EPA has,
nonetheless, estimated the costs and impacts of Subtitle D regulation of special mineral processing wastes in
this report, in the expectation that some of these studied wastes may ultimately be regulated under the
Subtitle D mining wastes program, in whatever form it is finally promulgated.

Management costs associated with each pertinent regulatory scenario are estimated for each facility
being analyzed by identifying the specific items (and their costs) that are currently employed (in the baseline
case) and that would be required under the regulatory alternatives. EPA utilized data contained in facility
responses to the 1989 SWMPF survey to characterize current practices. The Agency then calculated the costs
associated with each practice employed (e.g., design, construction, and operation of an unlined surface
impoundment, waste stabilization, installation and operation of ground water, surface water, and/or air
monitoring equipment); the sum of these costs is the total management cost at a given facility.

This technology- and facility-specific approach has resulted in management cost estimates that vary
widely among facilities, even among those in the same commodity sector. For example, EPA’s cost estimates
for baseline practices account for the presence of waste management controls such as run-on and run-off
control systems and ground water monitoring. Facilities that currently mploy these controls have higher
current (baseline) waste management costs (all else being equal) than f:.uities that do not. Consequently,
prospective Subtitle C regulation, and its attendant technical requirements (e.g., run-on and run-off controls,
ground water monitoring) have reduced compliance cost implications at such facilities. Because EPA’s cost
analysis relies upon individual cost elements rather than urified cost functuions, this variability in current waste
management cost and, therefore, the incremental waste management cost associated with regulatory
alternatives, can be accounted for in full.

Baseline Scenario

The baseline regulatory scenario assumes that existing waste management practices will remain
unchanged. The waste management practices discussed in the sector-specific chapters that follow comprise
the waste management technologies employed under this scenario. In virtually all cases, assumed current waste
management practices are based upon information submitted to EPA in the form of responses to the 1989
National Survey of Solid Wastes from Mineral Processing Facilities, supplemented by information obtained
during visits to some facilities. In the few instances in which management practice information was missing
or incomplete, the Agency assigned one or more management technologies based upon knowledge of the
common practices used by other similar (e.g., same commodity sector and size of operation) facilities.

14 Specifically, cement kiln dust waste and fly ash, bottom ash, siag, and flue gas emission control wastes generated pnmarily from
combustion of fossil fuels (pnncipally coal).

15 Specifically, RCRA sections 3004(c) through (g) (land disposal restrictions), (0) (minimum iechnology standards), (u) corrective
acuion for continuing releases), and 3005(j) (permutting of intenm status treatment, storage, and disposal surface impoundments).
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The most common current waste management technologies for solid and some sludge materials include
on-site, unlined landfills; waste piles without a cover or a base; gypsum stacks; and recycling. Wastewaters
tend to be managed in on-site, unlined surface impoundments (some in combination with a gypsum stack).
and in a few cases, synthetic- or clay-lined surface impoundments. Some portion of these wastewater streams
is recycled at nearly all facilities.

Several of the facilities examined here, particularly in the ferrous metals commodity sector, already
are interim status or permitted Subtitle C Treatment, Storage, and Disposal Facilities (TSDFs). Such facilities
are already subject t0 many of the requirements that are evaluated in this report (€.8., Subtitle C permitting.
financial assurance, corrective action for continuing releases requirements), and hence, would not experience
incremental compliance costs associated with these specific regulatory requirements if the special waste(s) that
they generate were to be removed from the Mining Waste exclusion. EPA has, accordingly, reflected this fact
in conducting its cost and economic impact analysis.

The "Baseline" scenario for the industry sectors covered by this report would occur under a regulatory
determination by EPA that the special mineral processing wastes that are currently excluded from regulation
under Subtitle C of RCRA do not require regulation as hazardous wastes. Even with such a regulatory
determination, however, some changes in waste management practices may be required. The mineral
processing industry, which has historically been exempt from the federal hazardous waste management
regulations under RCRA, has recently had this protection removed by a series of EPA rulemakings that were
concluded on January 23, 1990 (55 FR 2322). As of the effective date of this latest rulemaking, all mineral
processing wastes except the 20 specific wastes considered in this report are subject to regulation as hazardous
wastes (i.e., under RCRA Subtitle C) if they exhibit one or more characteristics of hazardous waste. In
addition, six mineral processing wastes have been listed as hazardous wastes (see 53 ER 35412, September 13,
1988). EPA believes that many of the facilities considered in this report generate wastes that are newly subject
to these requirements. Consequently, existing "baseline” management practices that are currently applied to
special wastes at some of these facilities may change even if these materials are not removed from the Mining
Waste Exclusion.

In addition, several states have imposed or are in the process of in' >osing new regulatory requirements
on the operators of mineral processing facilities. For example, the State of Florida has issued a policy
directive requiring that all new phosphogypsum stacks or lateral expansions of existing stacks have a clay liner;
the State Department of Environmental Regulation has also indicated that it plans to initiate a formal
rulemaking process for the development of phosphogypsum management regulations.

In general, however, the scope of EPA’s analysis is limited to an examination of special mineral
processing waste management as it is currently conducted, that is, as reported by facility operators in the 1989
SWMPF Survey. Nonetheless, where appropriate, the Agency has indicated when and in what manner existing
management practices are expected to change because of non-RCRA federal or state-level regulatory activity.

Full Subtitie C Scenario

The full Subtitle C ("Subtitle C") scenario examined here for the special wastes is based on the
premise that any of the 20 wastes for which (1) existing practices have been shown to have caused
environmental damages, or (2) have exhibited risk in the risk assessment process described above, including
any that exhibit one or more RCRA hazardous characteristics (EP-toxicity, corrosivity, ignitability, or
reactivity) may be regulated under Subtitle C and, thus, subject to the technical requirements of 40 CFR Part
264. The remaining wastes, which have not shown significant potential risk or documented damages and do
not exhibit a hazardous characteristic, are assumed to not be candidates for Subtitle C (or Subtitle C-minus)
regulation, and hence, have not been analyzed under these scenarios.

EPA has examined the full array of Subtitle C regulatory requirements, and has identified those that
would be relevant from the standpoint of managing mineral processing wastes (some Subtitle C requirements,
such as those addressing the management of used oil, solvents and dioxins, etc. are clearly not germane to the
present study). Relevant regulatory provisions are summarized in Appendix E-1 to this document. The
Agency then identified and categorized all of these requirements that might have cost implications. In other
words, the focus of EPAs compliance cost analysis is on the specific regulatory requirements that would
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within the documents was supplemented by reviewing the 1989 National Survey of Solid Wastes from Mineral
Processing Facilities (SWMPF Survey), and through direct contacts with private industry, trade associations,
government agencies, contractors, and researchers.

More than 3,000 documents were identified as being potentially useful, primarily as a result of kev
word searches. A number of criteria were used to critically evaluate the 3,000 references and reduce the
number of documents actually obtained and reviewed. Documents having titles with no clear relationship to
any of the RTC study factors were eliminated from the Agency’s preliminary list of potential information
sources. EPA set priorities for procurement of the remaining documents after reviewing their abstracts (or
key word descriptors if an abstract was not available), the time for delivery, and cost. Out of the possible 3,000
documents, over 300 were received and reviewed.

Additional information has been obtained through direct contact with Commodity Specialists and
researchers at the U. S. Bureau of Mines, trade associations (e.g., the Florida Institute of Phosphate Research.
The Fertilizer Institute), university researchers, and companies with some involvement in the management or
utilization of one or more of the special study wastes. A comprehensive list of references that were collected
and used by EPA in preparing this report may be found in Appendix B-5.

Evaluation of Alternatives

At a minimum, EPA’s evaluation of each option includes a brief description of what the option
involves (e.g., processing steps, equipment, and transportation); what is known about the current and potential
use of the alternative; a discussion of the factors relevant to its regulatory status; and a discussion of the
alternative’s feasibility with respect to its cost and/or social acceptability. (The term "social acceptability” refers
to whether an alternative is perceived to pose a potential threat to human health or the environment. Even
in the absence of supporting data, perceived threats can influence the decisions of regulators, waste generators,
and parties that might utilize a waste material.)!> Where the information available allows, the discussion has
been expanded to include data on costs, waste generation rates, and the chemical and physical characteristics
of any waste management/ utilization residues. In many instances, the 2'ailable data were not sufficient to
allow EPA to evaluate the human health and environmental protection p >vided by the waste utilization and
management alternatives identified. As a result, discussion of these options does not imply that EPA endorses
their use.

2.2.5 Cost and Economic Impacts

Section 8002(p) of RCRA requires EPA to analyze "alternatives to current disposal methods" for solid
wastes generated from the extraction, beneficiation, and processing of ores and minerals. EPA is also required
to analyze "the costs of such alternatives." This section discusses methods for evaluating the costs and
associated economic impacts of alternative waste management practices for the twelve mineral process:ng
industry sectors and 20 special mineral processing wastes covered in this report. The analysis of costs and
impacts is limited in scope to those waste streams that are candidates for regulation under Subtitle C of
RCRA, i.e., those that exhibit one or more characteristics of hazardous waste and/or that have been associated
with documented cases of danger to human health or the environment,

Costs may be imposed upon facility operators if changes in the regulatory requirements that apply
to special mineral processing wastes management occur. The scope of this analysis is limited to the cost and
economic impacts that would be associated with placing the wastes into three potential regulatory scenarios,
focusing on the consequences of regulating these materials as hazardous wastes under Subtitle C of RCRA.
EPA has attempted to predict how facility operators would react to having their wastes brought under the
purview of different solid/hazardous waste management regulatory regimes, and has estimated the costs and
impacts of the available waste management options under each regulatory scenario. EPASs approach in
performing this analysis was to delineate all of the applicable requirements comprising each regulatory
scenario, then develop plausible waste management sequences, or "trains”, for each of the potentially affected

B Collins, RJ. and R.H. Miller. 1976. Availabulitv of Mining Wastes and Their Potentiai for Use as Highwavy Matenal - Vol L
Classificanion and Technical Environmental Analysis. FHWA-RD-76-106, prepared for the Federal Highway Administration, May. p. 167
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special mineral processing wastes. Plausible management practices or trains are affected by the physical and
chemical characteristics of the wastes in question, and by waste generation rates (all of which are, by definition,
large), as well as by specific federal statutory and regulatory solid and hazardous waste management
requirements. The ways in which prospective regulatory requirements translate into the "on the ground” waste
management strategies that would be employed by affected facility operators are described in Appendix E-3
to this document. .

In conducting its analysis of economic impact, EPA has utilized data on the recent performance of
the individual industry sectors and the publicly-held corporations within them to characterize the financial
condition of each potentially affected commodity sector. The incremental costs associated with alternative
regulatory options are compared to several financial indicators in order to determine the :relative magnitude
of potential impacts. In addition, the Agency has conducted a qualitative analysis of market conditions facing
each affected facility and sector, and has predicted the extent to which facilities potentially experiencing
compliance costs would be able to pass through these costs to various input and product markets.

This section is organized into three major sub-sections in addition to this introduction. The first
describes the four regulatory scenarios that have been developed for use in the cost analysis; the Agency
believes that these scenarios span the range of the possible regulatory regimes that may be faced by mineral
processors. The second sub-section provides a brief discussion of the costing assumptions and cost equations
that have been used to conduct the analysis, and the third and final sub-section describes EPA's methodology
for evaluating the economic impacts associated with changes in waste management costs.

Development and Application of Regulatory Scenarios

The waste management practices discussed in this report reflect the range of prattices that are
currently employed to manage special mineral processing wastes, as well as alternative management techniques
that the Agency believes would be employed by facility operators in response to new regulatory requirements.
They do not represent the only possible practices available, nor do they necessarily include the practices that
would be explicitly required in the event of a change in regulatory st .us. Costs are estimated for four
regulatory scenarios: (1) current management practices with no additio~al action required ("baseline”); (2)
management practices required under full Subtitle C regulation ("Subtitle C"); (3) a less stringent set of
management practices that could be implemented under Subtitle C regulation, allowing for the regulatory
flexibility provided by RCRA §3004(x) ("Subtitle C-minus"); and (4) a scenario developed by EPA for this
report that would address mineral production wastes under the auspices of RCRA Subtitle D
("Subtitle D-Plus").

Two of the alternatives to the baseline are based on Subtitle C of RCRA, and are immediately
germane to the key regulatory decisions that EPA will make based upon this document and additional public
comment (i.e., whether Subtitle C regulation of the 20 special wastes is or is not appropriate). Cost impacts
of full Subtitle C regulation can be calculated with a relatively high degree of confidence because the waste
management alternatives available under Subtitle C are well defined and have been extensively studied, at least
for some industries. EPA has analyzed the Subtitle C-minus scenario because provisions of Section 3004(x)
of RCRA, as added in the 1984 HSWA amendments to the Act, allow flexible Subtitle C regulation for
hazardous wastes generated by the mining and mineral processing industries, as well as certain other special
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‘ Exhibit 2-4
Summary of Results of Selection Criteria Evaluation

Total Number of Percent of Percent Waste
Number of Facilhties in Faciiities in Volume Generated Notes on Volume
Sector Facilities Study States Study States in Study States Data'®

Alumina 5 4 80 93
Chromate 2 2 100 NAP 2 of 2 facilities CBI
Coal Gasitication 1 t 100 100
Copper 10 9 90 90 3 of 10 facilities CBI
Elemental Phosphorus 5 5 100 NA® 3 of 5 facilities CBI
Ferrous Metals 28 19 68 80 2 of 28 facilities CBI
Hydrofluoric Acid 3 3 100 100 1 tacitity NR©
Lead 5 4 80 NA® 3 of 5 facilities CBI
Magnesium 1 1 100 100
Phosphoric Acid 21 20 95 100 2 of 21 facilities CBI
Tianium s 5 56 B 8 of 9 facilities CB!
Zinc 1 1 100 100

(a) CB! = Confidential Business Information

(b) NA = insufficient data to caiculate accurately due to Confidential Business Information (CBI) status

(c) A single hydrofiuoric acid facility owned by Dupont did not submit a survey ;ponse

While this more detailed study partially resolved the regulatory status of special mineral processing
wastes, EPA found that the scope of state programs was not always clear from the state statutory and
regulatory language that was reviewed. The final step of EPAs analysis, therefore, consisted of contacting
state officials involved with the implementation of legal requirements in order to learn how those statutes and
regulations are interpreted in practice, and to obtain facility-specific implementation information. The
information compiled from these contacts was combined with the existing information on statutory and
regulatory requirements to produce a final implementation analysis, which gives the clearest representation
of the existing regulatory structure applicable to the 20 mineral processing wastes generated by the twelve
commodity sectors considered in this Report to Congress.

The findings of this analysis have been included in the sector-specific chapters that follow. For each
of the 18 states containing a facility within a given sector, EPA has provided a description of the regulatory
controls that apply to the management of special mineral processing wastes. A copy of the complete analysis
can be found in Appendix D-2 to this report.

2.2.4 Waste Management Alternatives and Potential Utilization

Section 8002(p) of the RCRA statute requires that EPA consider alternatives to current disposal
methods, as well as the current and potential utilization of the wastes addressed by the Report to Congress.
In order to accomplish this, this report identifies demonstrated alternatives for waste management and
utilization. The costs, current use, potential use, and environmental impact of each alternative are evaluated
to the extent permitied by the information available.

Because the primary purpose of this report is to support a decision as to whether the mineral
processing special wastes are to be regulated as hazardous wastes, EPA has focused its efforts and the
discussion of waste management alternatives presented herein on those wastes that the Agency considers 10
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Exhibit 2-5
Distribution of States Selected For Further Statutory and Reguiatory Analysis
for the Mineral Processing Wastes Report to Congress

W\ N\

&

m”h%&namm \\

Statutory and Reguistory Analysis (10 Stmtee)
* The number in each state indicates the number of RTC mineral processing faciiities iocated In the state.

be candidates for Subtitle C regulation. Wastes that exhibit no intrinsic hazard and pose no significant threat
to human health or the environment under any realistic management scenario are not candidates for Subtitle C
regulation. Therefore, extensive analysis and discussion of the ways in which facilities that generate such
wastes might react to hazardous waste regulation is, in the Agency’s view, unnecessary, because the question
is moot. EPA has, nonetheless, provided (at a minimum) short discussions for each of the 20 special wastes
considered in this report addressing potential waste management/utilization alternatives.

Methods

The first step in evaluating the alternatives for managing and utilizing the special mineral processing
waste streams was to identify and obtain (through the National Technical Information Service and inter-library
loans) any documents containing information on current or alternative wasie management practices. Once
documents from various sources were received, they were reviewed, and potentially useful information was
extracted and organized according to the waste management or utilization option(s) to which it pertained.
Alternatives for which there was insufficient information with which to evaluate the alternative are not
discussed in this report, nor does the report consider alternatives that are experimental or unproven (i.e., have
not seen full-scale application).

Information Collection

Computer-assisted literature searches were the primary means of identifying documents with
information on the management and utilization of the special waste streams, though useful bibliographies were
also obtained from government agencies, trade associations, and research institutions. Information contained
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damage. The sites included in this report are those for which the available data indicate that the documented
damages are attributable at least in part to mineral processing waste management.

Second, the extent to which the findings can be used to draw conclusions concerning the relative
performance of waste management practices among states or across industry sectors is limited by vanations
in requirements and recordkeeping. Recordkeeping varies significantly among states. A few states have
complete and up-to-date central enforcement or monitoring records on mineral processing waste management
facilities within the state. Where states have such records, information on damages may be readily available.
Thus, states that have environmental monitoring information on mineral processing facilities may appear to
contain more sites where damages have resulted from management of special wastes from mineral processing.

More often, enforcement and monitoring records are incomplete and/or distributed throughout
regional offices within the state. Additionally, because mineral processing special wastes are not regulated
under Subtitle C of RCRA, many states do not specifically regulate solid waste management at mineral
processing facilities. Indeed, some states have passed legislation specificaily forbidding the responsible state
regulatory agency to impose regulations on solid waste management at mineral processing facilities that are
more stringent than the federal regulations. As a result, monitoring and, thus, detection of problems at
mineral processing facilities has occurred on a very limited basis, if at all, in some states. Therefore, while
damages similar to those identified in states where mineral processing special waste management activities are
monitored may exist in states that do not have an environmental monitoring or regulatory program for mineral
processing special wastes, these damages could not be identified for this report.

Third, data collection efforts generally were focused on the central office of the appropriate state
agencies. In some instances, information may have been available at a state regional office that was not
available in the central office. Furthermore, researchers’ ability to collect data at each office sometimes was
limited by the ability of each state to provide staff time to assist in the research.

Finally, because environmental contamination resulting from waste disposal practices often takes many
years to become evident, documented examples of danger that have resulted from particular waste disposal
practices may reflect conditions that no longer exist. Specifically, process feedstocks, processing operations,
waste characteristics, and/or waste management practices may have ct aged. As a result, damage cases
associated with a waste do not necessarily demonstrate that practices use. to manage waste that is currently
being generated or regulations are in need of change. On the other hand, failure of a site to exhibit
documented damages at present does not necessarily suggest that waste management has not or will not cause
damage. The Agency believes, however, that information on dangers posed by past waste management
practices is useful in demonstrating the potential for environmental and human health impacts when hazardous
constituents are released.

2.2.3 Existing Federal and State Waste Management Controls

Federal Controls

EPA’s objective in this analysis was to identify and evaluate the existing regulatory controls over the
management of special mineral processing wastes that have been promulgated by agencies of the federal
government, focusing on programs and requirements established by EPA. This characterization is necessary
for two reasons. First, some states do not have EPA-approved programs for regulating discharges of
contaminants to surface waters (NPDES) or regulating the management of hazardous wastes under Subtitle C
of RCRA, or approved RCRA Subtitle D state solid waste management plans under 40 CFR Part 256. In
these cases, federal EPA regulations take precedence. Second, the federal government has not delegated
authority to the states for implementing some environmental protection statutes and regulations; thus, the
federal government is responsible for their implementation.

The initial phase of the analysis examined the relevant statutes and regulations pertaining to
hazardous waste, solid waste, air quality, and water quality as they might apply 1o the management of the
mineral processing special wastes. The purpose of this review was to provide broad background information
on the regulatory authorities available to the federal government that could affect the management of wastes
generated from the extraction, beneficiation, and processing of ores and minerals.
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The second phase of this analysis was to identify and evaluate any specific regulations, such as
NESHAPs, effluent limitations, emission standards, MCLs, etc., that have been promulgated under authority
of any of the major federal environmental statutes that pertain to any of the 20 special mineral processing
wastes.

The final phase of this analysis involved contacting Regional EPA staff in those states that do not
have federally approved programs for implementation of the major environmental statutes (e.g., RCRA,
CWA), as well as relevant staff within other federal agencies and departments (e.g., Bureau of Land
Management, U.S. Forest Service), and performing a detailed regulatory analysis of the implementation of all
existing federal statutes and regulations that pertain specifically to the management of the 20 special mineral
processing wastes. Summaries of the results of this process have been incorporated into the commodity-
specific chapters that follow. Detailed findings of EPA's analysis can be found in Appendix D-1 to this report.

Requirements in Selected States

EPA’s goal in this analysis was to determine the current regulatory stance of states with regard to the
mineral processing wastes generated by the 12 commodity sectors addressed in this report. The analysis serves
more generally to help characterize current waste management and disposal practices taking place as a result
of state regulation. This characterization is also, to a limited extent, used to establish a baseline for the
analysis of costs and other impacts resulting from current and prospective regulatory requirements.

The first step in the analysis focused on reviewing material in a report on state-level regulation of
mining and mineral processing wastes ("CDM report").12 EPA examined the material in the CDM report
that pertains to all 29 states containing one or more facilities considered in this report, and summarized
portions of the hazardous waste, solid waste, air quality, and water quality statutes and regulations that are
relevant to the current disposition of the special study wastes. Although the CDM report provides a general
overview of state statutory and regulatory requirements addressing wastes from the extraction, beneficiation,
and processing of ores and minerals in all 50 states, it was not designed to provide the detailed analysis of the
scope, and in particular, the implementation of regulations that address ineral processing wastes, that EPA
believes is necessary for this Report to Congress.

The second step of EPA’s analysis, therefore, was to perform more detailed review of individual state
statutes and regulations. Time and resource constraints made it impossible to perform a detailed regulatory
analysis on all of the states that contain facilities that generate special mineral processing wastes.
Consequently, this step in the analysis invoived selecting a representative sample of the 29 states for further
analysis. The goal of this selection process was to balance the need for comprehensive coverage of the mineral
commodity sectors under study in this report with the need to work with a manageable number of states.

To ensure that the selected states provided comprehensive coverage of the sources of the minerat
processing wastes in question, EPA employed the following criteria: (1) the percentage of facilities in each
state and 1n each sector covered by the regulatory analysis; and (2) the percentage of total waste volume in
each waste stream and sector covered by the regulatory analysis. Exhibit 2-4 displays the results of the
evaluation of these criteria, which led to the selection of 18 of the 29 states for more detailed regulatory
analysis. In selecting the 18 states, EPA was able to cover at least two-thirds of the facilities in all but one
of the sectors (titanium tetrachloride) and at least 80 percent of the waste volume generated in each sector.
Because a number of firms designated information as business confidential, EPA cannot publish all of the
waste volume percentages; the Agency did, however, examine all of the waste volume data, including data from
facilities that designated their waste generation rates as confidential, to ensure that the 18 studied states
adequately represent the entire population of concern. The geographic distribution of the 18 selected states
is displayed in Exhibit 2-5. The resuit of this step in the analysis was a summary, organized in a sector-by-
sector format, that contains detailed information on the relevant statutes and regulations from the 18 selected
states, along with shorter summaries addressing the eleven remaining states.

12 Camp, Dresser, and McKee Federal Programs Corporation (CDM). 1989. State Regulation of Solid Wastes from the Extraction,
Beneficiation, and Processing of Non-Fuel Ores and Minerals, June 2, 1989. Prepared for U.S. Environmental Protection Agency, Office
of Solid Waste; Document Controi Number: T1142-R00-DR-DELC-1.
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first put into operation. and then to progressively increase in order to simulate gradual deterioration of the
liners/controls after the units are closed. Otherwise, releases to the environment were assumed to occur at
a constant rate because the readily available input data on environmental setting (€.g., annual precipitation,
stream flow, annual average wind speed) are reported as steady-state parameters. The Agency considered a
200-year modeling period because previous EPA risk modeling studies have indicated that this length of time
is adequate to determine whether model results will indicate potential risk, i.e., extending the modeling period
is unlikely to influence the results of the risk modeling exercise.

Documented Cases of Danger to Human Health or the Environment

Section 8002(p)(4) of RCRA requires that EPAs study of mineral processing wastes examine
"documented cases in which danger to human health or the environment has been proved.” In order to address
this requirement, EPA defined danger to human health and the environment in the following way. First.
danger to human health includes both acute and chronic effects (e.g., exceedances of drinking water standards,
directly observed health effects such as elevated blood lead levels or loss of life) associated with management
of mineral processing wastes. Second, danger to the environment includes: (1) impairment of natural resources
(e.g., contamination of any current or potential source of drinking water); (2) ecological effects resulting in
impairment of the structure or function of natural ecosystems and habitats; and (3) effects on wildlife resulting
in impairment to terrestrial or aquatic fauna (e.g., reduction in species’ diversity or density, impairment of
reproduction).

This section describes the approach the Agency used to address the §8002(p)(4) requirement,
including the "test of proof” used and the methods used to identify potential cases, collect documentation, and
verify the accuracy and completeness of the resulting case studies. In addition, this section provides a
discussion of the limitations associated with interpretation of the results obtained. Throughout the discussion,
cases where danger has been proved are often referred to as damage cases.

*Test of Proof*

The statutory requirement is that EPA examine proved cases { danger to human health or the
environment. As a result, EPA developed a "test of proof” to be used for determining if documentation
available on a case proves that danger/damage has occurred. This "test of proof” contains three separate tests;
a case that satisfies one or more of these tests is considered "proved." The tests are as follows:

L Scientific investigation: Damages are found to exist as part of the findings of a
scientific study. Such studies include both extensive formal investigations supporting
litigation or a State enforcement action and the results of technical tests (such as
monitoring of wells). Scientific studies must demonstrate that damages are significant
in terms of impacts on human health or the environment. For example, information
on contamination of a drinking water aquifer must indicate that contamination levels
exceed drinking water standards.

2. Administrative ruling: Damages are found to exist through a formal administrative
ruling, such as the conclusions of a site report by a field inspector, or through
existence of an enforcement action that cited specific health or environmental
damages.

3 Court decision: Damages are found to exist through the ruling of a court or through
an out-of-court settlement.

Identification of Potential Damage Cases

EPA identified potential damage case sites by compiling a list of: (1) currently operating mineral
processing facilities based on industry and government sources (e.g., Bureau of Mines); (2) mineral processing
facilities on the National Priorities List under CERCLA; (3) and facilities identified in public comments on
the rulemakings that established the wastes to be studied in this report. Additional facilities were added to
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this list during the information collection process described below when state or federal contacts indicated that
additional facilities-should be considered.

Information Collection

EPA used direct telephone and written contacts with state and federal agencies and individuals, as
well as follow-ups to such contacts, to collect information on damage cases. Contacts were made with agencies
in all of the states with one or more of the facilities on the list of potential damage cases (developed as
described above). Specific sources of information included:!°

. Relevant state or local agencies, including state environmental regulatory agencies,
mineral or mining regulatory agencies, state, regional, or local departments of health,
and other agencies potentially knowledgeable about damages related to mineral
processing operations,

. Professional or trade associations; and
. Public interest or citizen’s groups.

The Agency then visited some of the states contacted to collect information about specific sites from
state files. Selection of states to be visited was based on: (1) the type and complexity of site-specific
information available in state files (based on the contacts with state personnel); (2) EPAs ability to obtain
data of interest from state personnel without visiting the state; (3) the number and type of mineral processing
facilities contained within the state; and (4) environmental factors unique to the state such as climate, geology,
hydrology, and surface water features. Where feasible, information was collected by mail from state personnel.

During visits to state agencies, which were made during the period from November 1988 to February
1990, EPA reviewed documentation on sites on the list of potential damage cases, and collected documentation
on those sites that appeared 10 meet one or more of the "tests of proof”. Follow-up contacts were also made
with agencies, groups, and individuals that the state files or personnel indicated might have additional relevant
information. In addition, EPA also visited some of the mineral processi- facilities in conjunction with visits
to state agencies.

Damage Case Preparation and Review

Following completion of the data collection efforts, EPA prepared summaries of the information
obtained for documented damage case sites. EPA then requested comments on the drafts of these summaries
from the state and federal agency personnel who assisted in providing the information upon which the
summaries were based. EPA specifically requested that the reviewers verify any interpretations of the available
data and identify any available and relevant data that were not included. The comments that EPA received
were used to prepare the final summaries,'! which in turn provide the basis for the discussions of damage
case findings that are included for each type of mineral processing waste covered by this report.

Limitations of the Damage Cases

The damage case findings that resulted from the process described above must be interpreted with
care, for several reasons. First, mineral processing facilities are often co-located with mineral extraction and
beneficiation (i.e., mining) operations; the mineral processing wastes covered by this report often are or have
been co-managed with other wastes. As a result, it is sometimes difficult to determine if the documented
damages were caused by stack emissions, direct discharges to surface water, etc., rather than mismanagement
of mineral processing special wastes, or if waste management practices have been shown to have caused the
observed damage, which type(s) of wastes (e.g., extraction or processing wastes) caused or contributed to the

19 Although many of the above sources were contacted in developing certain damage cases, the damage case gathering effort retied
principally on information available through EPA regional offices and state and local reguiatory agencies.

" Detailed information on the case study findings 1s provided m the public docket supporting this report.
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facilities. In particular, EPA assessed facility-specific information on a number of factors that relate to the
potential for the waste 10 be released into ground water, surface water, and air, and subsequently transported
to locations where humans or aquatic organisms could be exposed.

The Agency assessed ground-water release, transport, and exposure potential by evaluating the waste
leachability, management unit characteristics (e.g., presence of engineered controls), hydrogeological setting
characteristics (e.g., net recharge, depth to aquifer, nature of subsurface material), and distance to potential
exposure points. To assess surface water reléase, transport, and exposure potential, EPA considered the
distance to the nearest downhill surface water, the likelihood of overland releases of waste from the unit in
stormwater run-off, the likelihood that contaminated ground water could discharge to surface waters, the type
and size of the nearby surface water, and the distance to potential exposure points. Similarly, air pathway
release, transport, and exposure potential was assessed by evaluating the characteristics of the management
unit related to the potential for wind erosion and suspension of dust from vehicular disturbances,
meteorological conditions, and the proximity of the unit to potential exposure points. When possible, EPA
used information developed from the damage case analyses to support the assessments of release, transport,
and exposure potential for all three pathways. For the phosphoric acid and elemental phosphorus sectors,
EPA also relied upon previous Agency analyses’® of radiation risks to supplement the data collected
specifically for the present assessment of risk. Based on the findings of this effort, EPA developed qualitative
conclusions on the potential for the wastes to cause impacts by each of these release and exposure pathways.

The scope of this portion of the analysis was limited in several important ways. EPA evaluated only
the baseline hazards of the wastes as they were generated and managed in 1988 at the 91 facilities of interest.
Moreover, the Agency did not assess: (1) risks of off-site use or disposal of the few wastes that are ever
managed off-site; (2) risks associated with potential future changes in waste management practices Or
population patterns; or (3) risks of alternative management practices. EPA is unable to extend its assessment
of risk along any of these three dimensions because of insufficient data. However, EPA does evaluate the
hazards of off-site use or disposal in the context of certain damage cases, as well as the hazards of alternative
management practices in the waste-specific discussions of management alternatives and potential utilization.

Risk Modeling

EPA’s risk assessment methodology has been designed to develop and present the key determinants
of risk in a form that is objective and readily accessible to interested parties. Risk is a function of (1) the
physical and chemical characteristics of a particular waste (particle size, constituent concentrations), (2) the
manner in which the waste is managed, and (3) site-specific environmental conditions (e.g., net recharge) and
proximity to potential receptors (e.g., surface water, drinking water wells, wetlands).

Only if the evaluation of these three factors in combination indicates that chemical/radiological
contaminants could reach potential receptors in potentially harmful concentrations is there a need to quantify
the magnitude of any such exposures and their associated risks. Risk modeling is a valuable analytical tool
that the Agency has employed on an as-needed basis to resolve the issue of potential risk in cases where the
result of evaluating the three factors is either ambiguous or indicates a potentially serious risk that requires
more detailed study.

In addition, results obtained by assessing risk-related factors are compared with the findings of the
damage case collection effort that is described below, as a final "reality check.” The data that EPA has
collected to conduct the risk assessment exercise is incomplete in some cases (waste constituent data) and of
limited precision in others (e.g., aquifer characteristics). Consequently, review of damage case information
provides a valuable means of filling information gaps and developing a more complete view of potential risk.
At the same time, however, documented damages associated with management of a given waste do not
necessarily prove that chronic human heaith or environmental risk is significant. In some instances, for
example, damages may have occurred at sites that are no longer active (i.e., may have different environmental

7 U.S. EPA, 1989, Risk Assessments: Environmental Impact Statement for NESHAPS: Radionuchdes, Volume 2 (Background
Information Document), Office of Radiation Programs, September 1989.

8 U.S. EPA, 1990, Idaho Radionuclide Study, Office of Research and Development, Las Vegas Facility, Las Vegas, NV, Apni 1990.
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settings), or may reflect the effects of unusual circumstances (e.g., severe storms). Accordingly, EPA's
evaluation of damage case information in the context of establishing the need for risk modeling accounts for
whether the documented damages reflect actual site conditions and whether the types of observed impacts can
be quantified by the risk model.

If, at the end of this multi-stage process, EPA finds no significant risk potential and no documented
cases of environmental damage associated with a particular special waste, then the Agency believes that (1)
the relevant RCRA §8002(p) study factors have been addressed adequately, and (2) further analysis in the form
of risk modeling would not influence the results of the Agency’s analysis or EPA's conclusions regarding the
adequacy of current waste management controls.

Otherwise, EPA conducted further analysis of risk using more sophisticated quantitative methods.
The Agency identified the wastes, facilities, and potential release/exposure pathways that appear to pose
relatively high risks, then used a computer model to quantitatively estimate risks for those wastes, facilities,
and pathways with the highest risk potential. EPA estimated risks on a facility-specific basis using the data
and information sources outlined above.

EPA used the model "Multimedia Soils" (MMSOILS) to estimate the risks posed by mineral
processing wastes. MMSOILS was originally dc-cloped for EPA's Office of Health and Environmental
Assessment” to estimate the human exposure and health risk associated with contaminated soils at hazardous
waste sites. The model has undergone extensive peer review by several offices of EPA and members of the
academic community. For the purpose of this study, OSW revised MMSOILS to include algorithms for
predicting contaminant releases from various waste management units, such as waste piles, landfills, and
surface impoundments. Appendix C-2 of this report provides a more detailed summary of MMSOILS and how
it was applied in this analysis.

The Agency used MMSOILS to estimate the following risk measures:

. Cancer and chronic non-cancer risks for maximally exposed individuals via the
inhalation and water ingestion pathways, assuming an indi+idual breathed contaminated
air or ingested contaminated water over an entire lifetir = (assumed to be 70 years).
The cancer risk estimates represent the estimated increme.tal probability of occurrence
of cancer in an exposed individual, over that individual’s lifetime. The measure used for
non-cancer risk was the ratio of the maximum estimated chemical dose to the dose of
the chemical at which health effects begin to occur.

. Risks to aquatic organisms caused by chronic exposures to surface water contamination.
The risk measure used for aquatic ecological risk was the ratio of the maximum
estimated surface water concentration of a chemical to the chronic AWQC for that
chemical.

. Potential contamination of air and water in excess of resource damage criteria. The
measure developed for potential air quality degradation was the ratio of maximum
estimated concentrations of airborne lead to the NAAQS for lead. The measures
developed for potential water quality degradation were the ratios of contaminant
concentrations at various downgradient/downstream distances to non-health related
benchmarks.

To estimate each of these risk measures, EPA modeled the wastes using median constituent
concentrations, including median concentrations in waste leachate as measured using the EP leach test. As
discussed above, EPA believes that use of the EP leachate data is a reasonably conservative approach. The
Agency believes it was appropriate to use median concentrations because the values used for all of the other
model variables (including waste volume, management practice, and environmental setting parameters) were
also typical or central values generally designed to yield "best estimates” of risk.

Finally, EPA considered only chronic, steady-state releases and a 200-year modeling period. Releases
from units with liners or other engineered controls were assumed to begin several years after the units were

% ICF Technology, Inc. 1988. Methodoiogy for Esumating Multimedia ures 1o Soil Contamination (Draft). Prepared for U.S.
EPA Exposure Assessment Group, Office of Health and Environmental Assessment, Office of Research and Development, December 28.
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of the settings in which they are currently managed. The factors of 10 and 100 for ground water and surface
water, respectively, reflect a minimal level of dilution expected to occur as constituents are released to
receiving waters in which exposures or resource damage could occur. Consequently, the resulting screening
criteria eliminate from further evaluation only those constituents that are not expected to pose a risk, even
in the event that waste contaminant concentrations are not extensively diluted before reaching exposure points

. Human Health/Water Ingestion Screening Criteria. To develop these criteria, EPA used

oral cancer slope factors from IRIS to derive a liquid concentration of carcinogens that
corresponds to a cancer risk of 1 x 107, Similarly, the Agency used oral reference doses
from IRIS for non-carcinogens to derive a liquid concentration that, if ingested, would
result in the reference dose. The Agency then multiplied these concentrations by a
factor of 10 to derive a liquid waste or leachate concentration that accounts for possible
dilution that may occur if the waste is released to ground water.

. Aquatic Ecological Risk Screening Criteria. To develop these screening criteria, EPA
compiled available Ambient Water Quality Criteria (AWQC) for both chronic and acute

exposures of both freshwater and saltwater organisms. The Agency selected the lowest
available AWQC for a given constituent and multiplied it by a factor of 100 to derive
a liquid waste or leachate concentration that accounts for possible dilution that may
occur if the waste is released to surface water.

. Water Resource Damage Screening Criteria. To derive these criteria, EPA assembled
the following benchmarks for each constituent detected in the mineral processing waste
samples: primary and secondary Maximum Contaminant Levels (MCLs) for drinking
water; taste and odor thresholds; National Academy of Science (NAS) recommendations
for livestock watering and irrigation; and the AWQC for fish ingestion. Whenever an
MCL was available, EPA used that value multiplied by a factor of 10 to derive a liquid
waste or leachate concentration that accouats for possible dilution that may occur if the
waste is released to ground water. When an MCL was not available, EPA selected the
next lowest value and multiplied that value by either a factor of 10 or a factor of 100
1o derive a liquid waste or leachate concentration that acc “unts for possible dilution if
the waste is released to ground water (factor of 10) or su :ace water (factor of 100).

EPA pooled all the available data for a given waste stream and compared measured constituent
concentrations in solid and liquid samples to the relevant screening criteria. For this evaluation, the Agency
considered only concentrations that were detected. Analyses for which a given constituent was not detected
were not used to evaluate the hazard posed by the constituent. If a constituent concentration in any sample
of a waste from any facility exceeded one of the screening criteria, regardless of the magnitude of the
exceedance or the frequency of exceedances for the data as a whole, that constituent was considered a potential
constituent of concern for the waste (for purposes of this conservative screening analysis).

The data used in the risk assessment include leachate concentrations from a number of leach tests,
including the Extraction Procedure (EP), the Toxicity Characteristic Leaching Procedure (TCLP), and the
Synthetic Precipitation Leaching Procedure (SPLP).* Because most of the available data are from EP leach
tests, the Agency relied most heavily on these data in evaluating potential constituents of concern in
leachate.’ The Agency recognizes that the EP leachate test is a relatively conservative approach for
estimating the concentrations of some metals in leachate generated from the mineral processing wastes as they
are currently managed. To determine the extent to which EP leachate data differ from SPLP leachate data,
the Agency evaluated the differences between SPLP and EP leachate concentrations for the special wastes.
This evaluation demonstrated that although the two tests provide similar results for many constituents in most
wastes, some constituents (e.g., iron, lead, zinc, aluminum, cadmium, copper, nickel) are commonly present
in higher concentrations in EP leachate than in SPLP leachate. A smaller number of constituents (e.g.,

* EPA Methods 1310, 1311, and 1312, respectively.

5 The recently promulgated (March 29, 1990) Toxicity Charactenstic (TC) will replace the EP Toxeity charactenstic as of its effective
date. Because, however, the wastes considered in this report are, for the most part, uniikely to contain the organic constituents that were
added by the TC, and because the regulatory levels for metals employed in these two methods are dentical, the Agency believes that any
conclusions regarding the inherent toxicity of the wastes considered in this report are hkely to remain valid once the TC becomes effective.
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arsenic, vanadium, molybdenum, barium) are commonly found in higher concentrations in SPLP leachate than
EP leachate. Givea the conservative nature of this screen and the preponderance of EP leachate data, the
Agency believes that it is appropriate to use EP leachate data in this evaluation of mineral processing wastes.

EPA acknowledges that this use of the EP leachate data differs from the approach used in the
Agency’s recent rulemakings on mineral processing wastes (reinterpreting the scope of the Mining Waste
Exclusion), but believes that there are sound reasons for adopting this approach. In the rulemakings, EPA
collected and used limited SPLP data in order to establish which wastes qualify as "low hazard” and are thus
eligible for detailed study in this report (i.e., use of the SPLP data was a reasonable approach for selecting the
wastes to be studied, because wastes that exhibit hazardous characteristics under the SPLP test are clearly not
low hazard). For purposes of actually conducting a risk assessment, however, relying primarily on the EP
leachate data is a reasonable, though more conservative (i.e., protective) approach.

Evaluation of Constituent Persistence and Mobility. Even though a constituent may exist in a
waste in potentially harmful concentrations, the constituent may pose little or no risk if it rapidly degrades
in the environment or if it is unable to migrate away from the waste management unit. Therefore, for each
potential constituent of concern identified based on its concentration relative to screening criteria, EPA
evaluated the extent to which the constituent can persist and migrate in the environment.

Because most of the constituents that are present in mineral processing wastes in elevated
concentrations are metals that do not degrade in the environment, the evaluation of persistence was largely
a moot exercise. However, for the organic constituents detected in elevated concentrations in a few of the
wastes, EPA evaluated the constituents’ persistence by considering their degradation rates in ground water,
surface water, and air.

To evaluate constituent mobility, the Agency considered the tendency for each constituent to bind
to soil when present in ground water and the potential for organic constituents to be released to the air by
volatilization. For the analysis of ground-water mobility, EPA examined the sorption coefficient (K, a
measure of the degree to which contaminants bind to soil) for each ino- -anic constituent and assumed that
inorganic constituents with K values less than 20 ml/g are relatively mob < in ground water, while inorganics
with K values greater than 20 ml/g are relatively immobile in ground waicr. This assumption is based on the
results of previous modeling exercises that demonstrated that constituents with K’s greater than 20 ml/g often
migrate so slowly in ground water that they do not reach distances of interest within 200 years (i.e., their
potential to endanger human health and damage water quality over typical modeling horizons is extremely
limited).® For organics that were detected, EPA evaluated each constituent’s Henry’s Law constant, a
parameter that indicates the degree to which a constituent is likely to be released to air by volatilization from
aqueous soiution.

Conclusions from Intrinsic Hazard Evaluation. Given the conservative (i.e., protective) nature
of the screening criteria, waste constituents that are present in concentrations below the screening criteria are
not likely to pose a risk to human health or the environment. On the other hand, exceedances of the
screening criteria should not, in isolation, be interpreted as proof of hazard. Therefore, if a constituent in any
sample of a waste exceeded a screening criterion, and if the constituent was considered persistent and mobile
in the environment, EPA concluded that risk posed by the waste should be evaluated further. EPA then
proceeded to the next step of the risk assessment t0 evaluate the potential for constituents of concern to be
released into the environment and migrate to receptor locations, by considering the existing waste management
practices and environmental settings of the facilities that generate the waste.

Evaluation of Release, Transport, and Exposure Potential

In this second step of the risk assessment, the Agency cvaluated the potential for the waste to pose
risks to human health and the environment based on its current management at the 91 mineral processing

$ US. EPA. 1987. Onshore Oil and Gas Exploration, Development, and Production: Human Heaith and Environmental Risk
Assessment (Technical Support Document). Office of Solid Waste, December.
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Exhibit 2-2

Overview of Constituents of Concern Screening Criteria

Sampie Test Type

Type of Hazard
That is Evaluated

Assumed Release/

Exposure Pathway
That Underlies

Screening Criteria

Screening Criteria

Solid Samples

Human Health Risk

Air Quality Degradation

Inhalation of airborne
particulates

Incidental ingestion
of waste and con-
taminated soil

Radiation exposure
to contaminated land

Airborne reiease of
lead as windblown
dust

inhalation toxicity criteria for cancer and non-
cancer effects, assuming that dust is biown into
the air in a concentration that equals the National
Ambient Air Quality Standard (NAAQS) for par-
ticulate matter

Oral toxicity criteria for cancer and noncancer
effects, assuming that access to a waste is not re-
stricted and chiidren incidentally ingest con-
taminated solids

EPA's radium-226 cleanup standard for uranium
mill tailings sites; Nuclear Regulatory Commisston
guidelines on uranium-238 and thonum-232 con-
centrations in soil that can be released for un-
restricted use

Lead concentration in waste that couid resuit in
an exceedance of the NAAQS for lead if dust is
blown into the air in a concentration that equals
that NAAQS for particulate matter

Liquid Samples
(including leachate
test samples)

Human Health Risk

Aquatic Ecoiogical Risk

Surface and Ground-
Water Quality Degra-
dation

Ingestion of con-
taminated ground
water

Release of waste
constituents to sur-
face water and ex-
posure of aquatic
organisms

Release of waste
constituents to sur-
face or ground water

10 times oral toxicity criteria for cancer and
noncanc effects, assuming ingestion of 2 liters
of conta nated water per day for 70 years

100 imes Ambient Water Quality Criteria (AWQC)

10 times drinking water maximum contaminant
levels when available; otherwise, the lower of: (1)
10 times the taste and odor thresholds, livestock
watering guidelines, or irrigation guidelines; or (2)
100 times the AWQC for fish ingestion

guidelines, the radiation criteria are based on the assumption that public access to the
waste is unrestricted.

. Air Resource Damage Screening Criterion. To screen for the potential for mineral
processing waste solids to degrade ambient air quality, EPA used the NAAQS for

particulate matter and the NAAQS for lead to derive a lead concentration in solid waste
(there are no NAAQSs for any other metals that could exist in mineral processing
wastes). Exceedance of this screening criterion indicates the potential for an exceedance
of the lead standard if a sufficient amount of a waste is blown into the air as dust.

The screening criteria used to evaluate constituent concentrations in liquid samples (either total liquid
or leach test analyses) include criteria that reflect the potential for hazards to human heaith via water
ingestion, adverse effects to aquatic organisms, and degradation of surface and ground-water quality. In
developing these criteria, the Agency has assumed a 10-fold dilution of liquid wastes or leachate into ground
water and a 100-fold dilution in surface water. The Agency selected these conservative (i.e., small) dilution
factors because the screening criteria are designed to evaluate the intrinsic hazard of the wastes, irrespective
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Screening Criteria Values®

Exhibit 2-3

(@

(o)

()

@

Screening Criteria for Solid Samples Screening Criteria for Liquid/Leach Test Samples
Incidental Human Health Aquatic Water
inhalation Ingestion Radiation (Ingestion) Ecological Resource
Constituent (n9/g) (29/Q) (pCl/Q) (uQ/L) we/L) Damage (:g/L)

Acetonitrile - 4200 - 2,100 - -
Aluminum - - - - 8,700 50,000
Antimony - 280 - 140 160,000 4,500,000
Arsenic 14 4 - 2 1,300 500
Barium 7,000 35,000 - 18,000 5,000,000 10,000
Beryllium 84 3,500 - 1,800 530 120
Boron - 63,000 - 32,000 500,000 7,500
Cadmium 115 350 - 180 110 100
Chioride - - - - 23,000,000 2,500,000
Chromium(Vl) 17 3,500 - 1,800 1,100 500
Cobalt - - - - - 500
Copper - 25,900 - 13,000 290 13,000
Fluoride - 42,000 - 21,000 - 40,000
Gross alpha - - - - - 150 pCi/L
Gross beta - - - - - 500 pCi/t
iron - - - - 100,000 3,000
Lead 30,0000 420 - 210 320 50 1
Magnesiun: - - - - ey - 4“
Manganese 21,000 140,000 ~ 70,000 100,000 500
Mercury - 210 - 100 1.2 20
Molybdenum - - - - - 100
Nickel 833 14,000 - 7.000 830 2,000
Nitrate - 700,000 - 350,000 9,000,000 100,000
Nitrite - 70,000 - 35,000 6,000 10,000
pH - - - - 6.5-9 6585
Phenot - 420,000 - 210,000 256,000 1
Phosphorus - - - - 10 -
Phosphate (Total) - - - - 2.500 -
Radium-226 134 pCi/g - 5 18 pCiL - 50 pCi/L
Seienium 80 2,100 - 1,100 500 100 1
Sitver - 2,100 - 1,100 12 500 |
Sulfate - - - - B 2,500,000 ||
Suspended Soiids - - - - 2.500,000 - “
Thallium - 49 - 5 4,000 4,600 I
Thorium-232 13 pClig - 10 91 pClL - - |
Uranium-238 17 pCilg - 10 15 pCill - - Il
Vanadium - 4,900 - 2,500 128,000 1,000 |
Zinc - 140,000 - 70,000 8,600 50,000

See text for an explanation of the derivation of these screening criteria and Appendix C-1 of this report for a presentation of the
benchmarks upon which these screaning criteria are based. Some of these screening criteria, especially the incidental ingestion
criteria, are very high values (e.g., the incidental ingestion criterion for nitrate is more concentrated than normal fertilizer).
However, they were derived using the methods described in the text and represent concentrations that could be harmtul under

the assumed exposure scenarios.

No screening criterion used because of lack of applicable benchmarks.

No inhalation RfD for lead is provided in IRIS. This value is the screening criterion used to analyze the potential for *air quality

degradation.’

An aquatic ecological screening criterion of 5,000,000 ug/L Total Dissolved Solids was used to evaluate the combined
concentration of magnesium and sulfate.
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detailed discussion on the amount and nature of data considered for each special waste i1s provided in the
sector-specific chapters of this report.

Although data on waste composition were provided in responses to the 1989 National Survey of Solid
Wastes from Mineral Processing Facilities, the Agency did not use these data in the risk assessment for two
reasons. First, the survey responses often provide information on only the primary components of the waste
and do not characterize the waste’s trace constituents, which are often important from a risk assessment
standpoint. Second, the survey responses provide only single, "typical” concentrations and do not indicate the
number of samples upon which those typical values are based, the time frame over which the samples were
collected, the sampling locations, or the distribution of individual sample results. As a result, the typical
concentrations reported in the survey could not be integrated with sampling data from the other sources
outlined above to develop overall statistics on the frequency and magnitude with which constituent
concentrations exceed the screening criteria.

Waste Management Practice Data. For data on current waste management practices, EPA relied
primarily on information provided in response to the 1989 National Survey of Solid Wastes from Mineral
Processing Facilities and information collected from visits t6 a number of the facilities studied for this report.
The survey responses, prepared by facility personnel, include information on the waste volumes generated and
managed at each plant, the quantity of waste managed in individual units, and the design characteristics of each
management unit. Reports from visits to mineral processing facilities for sampling or other information
collection purposes were used to supplement the data provided in the survey responses. These reports contain
additional information on the design of waste management units as well as observations about the physical
form of the wastes and photographs of the waste management units.

Environmental Setting Data. EPA relied on a number of sources of data on the environmental
setting of the 91 facilities that generate the special wastes covered by this study. The environmental setting
data collected for the risk assessment include information on climatc gical conditions, factors affecting
atmospheric dispersion, hydrogeological parameters, surface water charactc :istics, population distributions, and
proximity to sensitive environments (i.e., environments that are vulnerable or have a high resource value, such
as National Parks or Forests). These data were collected from a number of sources, including EPA data
compilations (e.g., Graphical Exposure Modeling System {GEMS] and Federal Reporting Data System
[FRDS])); responses to the 1989 National Survey of Solid Wastes from Mineral Processing Facilities; U.S.
Geological Survey (USGS) topographic maps and hydrologic data files; the National Water Well Association’s
DRASTIC ground-water vulnerability system; soil surveys developed by the Soil Conservation Service of the
U.S. Department of Agriculture, and U.S. Department of the Interior (DOI) maps of the critical habitat of
endangered species (50 CFR 17.95).

Evaluation of Intrinsic Hazard of Wastes

As the first step of its risk assessment, EPA screened the waste composition data described above to
determine if the special wastes contain toxic or radioactive constituents at concentrations that could pose risks
10 human health, aquatic organisms, and air and water resource quality. The objective of this screening
procedure was twofold: (1) to narrow the focus of the risk assessment by eliminating from further evaluation
those constituents that are unlikely to endanger human health or the environment; and (2) to identify any
constituents that warrant further evaluation (i.e., constituents of potential concern). To determine constituents
of potential concern, EPA compared the constituent concentrations measured in samples of mineral processing
wastes 10 screening criteria, and evaluated the persistence and mobility of each constituent in various
environmental media.

Comparison of Chemical Concentrations to Screening Criteria. EPA developed a set of
constituent-specific screening criteria that reflect the potential for hazards to human health, aquatic organisms,
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and air and water quality based on conservative release, transport, and exposure assumptions. These screening
Criteria represent constituent concentrations in waste or leachate samples that could endanger human health.
aquatic life, or water or air quality if the waste is released to the environment. Because this step is intended
to evaluate the intrinsic hazard of the wastes, the screening criteria are based on exposure assumptions that
are likely to overstate the risks posed by the management of the wastes at the facilities of concern.
Consequently, this step identifies all constituents that warrant further evaluation as potential constituents of
concern, and only those constituents that do not contribute to the intrinsic hazard of the waste are removed
from further consideration. The underlying rationale for the screening criteria developed for this analysis is
summarized in Exhibit 2-2, and the actual screening values are listed in Exhibit 2-3 ( the benchmarks upon
which these screening criteria were developed are provided in Appendix C-1 of this report). All screening
criteria developed for chromium assume that this metal is present in its more toxic hexavalent form.

As shown in Exhibits 2-2 and 2-3, the screening criteria can be divided into two main categories: (1)
criteria 10 compare to constituent concentrations measured in solid samples, and (2) criternia to compare to
constituent concentrations measured in liquid and leachate extract samples, or in extract samples from solids.
The screening criteria compared to concentrations in solid samples include criteria that reflect the potential
for hazards to human health via inhalation, incidental soil ingestion, and multiple radiation exposure pathways,
as well as a criterion that reflects the potential for air quality degradation.

. Human Health/Inhalation Screening Criteria. To develop these criteria, the Agency

used inhalation cancer slope factors from EPAs Integrated Risk Information System
(IRIS) to derive an airborne concentration of carcinogens that corresponds to a lifetime
cancer risk of 1 x 103, Similarly, the Agency used inhalation reference doses from IRIS
for non-carcinogens to derive an airborne concentration that, if inhaled, would result
in the reference dose. To convert these airborne concentrations (in units of ug/m3) to
solid concentrations (in units of ug/g) the Agency made two conservative (i.e.,
protective) assumptions: (1) the airborne concentration of respirable particles equals
the National Ambient Air Quality Standard (NAAQS) for -espirable particulate matter
(50 ug/m3), and (2) the constituent concentration in the .irborne respirable particles
equals the constituent concentration in the waste. These assumptions probably
overestimate the extent to which respirable particles are blown into the air from the
special wastes studied in this report because many of the wastes are in the form of large
particles (ranging in size all the way up to boulders) or form surface crusts that are not
susceptible to dust generation.

. Human Health/Soil Ingestion Screening Criteria. To develop these screening criteria,

EPA used oral cancer slope factors and non-cancer reference doses from IRIS, along
with an Agency guideline on soil ingestion rates, to derive a waste concentration that
could cause health risks if small quantities of the waste are incidentally ingested on a
routine basis. These screening criteria are based on the assumption that public access
to the wastes is not restricted and, for example, children are allowed to play on, or in
the vicinity of, special waste management units.

. Human Health/Radiation Exposure Screening Criteria. To screen for potential
radiation hazards, the Agency used EPA's standard in 40 CFR 192 for the clean up of

soil contaminated with radium-226 at uranium mill tailings sites (5 pCi/g). This
standard is designed to limit the risk from the inhalation of radon decay products in
houses built on contaminated land and to limit gamma radiation exposures of people
using contaminated land. The Agency also used the Nuclear Regulatory Commission’s
(NRC’s) guidelines for acceptable concentrations of uranium-238 and thorium-232 in
soil that can be released for unrestricted use.3 As stated in these standards and

2 Memorandum from J. Winston Porter, Assistant Administrator for EPA’s Office of Solid Waste and Emergency Response, 1o EPA
Regional Admimstrators, concerning Interim Finai Guidance for Soil Ingestion Rates, OSWER Directive 9850.4, January 27, 1989.

3 NRC, 1981. Disposal or Onsite Storage of Residual Thorium or Uramum (Either as Natural Ores or Without Daughters Present)
from Past Operations, SECY 81-576, October 5.
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Exhibit 2-1

Overview of Risk Assessment Methodology

All Wastes and All Facilities

{

Step 1; Evaluate Intrinsic Hazard of Waste

Are there constituents of concem?

No

im

Step 2: Evaluate Release, Transport, and Exposure Potential

No

Do potential exposure pathways exist?

y Yes

Group wastes/facilities into 3 categories:
high, medium, and low hazard potential

¢

Step 3: Madel Risks

Model high risk wastes/facilities. Are risks significant?

No

| ves

No

Model medium risk wastes/facilities. Are risks significant?

| Yes

Model! low risk wastes/facilities

No
Further
Analysis
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was limited iniually to faciliues with the highest risk potenual. Modeling of additional facilities was performed
only if estimated risks were significant for the facilities with high risk potential.

In all steps of the analysis, EPA focused on human health and environmental risks associated with
chronic exposures to potential releases of waste constituents to ground water, surface water, and air. While
large, short-term (acute) exposures to these wastes may occur, this analysis is restricted to chronic exposures.
for two reasons. First, given the relatively low hazard of these wastes (as documented by application of the
low hazard criterion used in the Agency’s recent rulemakings on these special wastes), EPA concluded that
the potential for adverse effects from large, short-term exposures to these wastes is very limited (i.e., acute risk
generally occurs at levels of exposure that are not likely given the low hazard of these wastes). Second, most
of the toxicological data and exposure assumptions available for the purpose of risk assessment are based on
chronic exposures. When possible, the Agency did evaluate the potential for large episodic releases of waste
constituents (e.g., from storm or flood events) to endanger human health or the environment.

To analyze risks to human health, the Agency evaluated the cancer and non-cancer risks to maximally
exposed individuals at each site. A "maximally exposed individual" is designated for each exposure pathway
as the person at greatest risk from exposures to toxic constituents released into the environment. EPA did
not assess population risks explicitly, but data on potentially exposed populations were considered in drawing
conclusions about the overall risks associated with the current management of special wastes.

To analyze environmental risks, the Agency evaluated the potential for contaminants to migrate from
the waste and adversely affect aquatic organisms. EPA did not attempt to evaluate potential impacts on
terrestrial ecosystems because little information is available on the exposure of terrestrial organisms to waste
constituents and toxicological data relevant to terrestrial ecosystems are limited. In addition to risks to human
health and aquatic life, EPA also evaluated the potential for existing waste management practices to cause air
and water contamination, irrespective of the potential for humans or ecological receptors to be exposed to the
contamination.

Data Used in the Risk Assessment

To conduct the risk assessment as outlined above, EPA collected and evaluated data on the factors
that influence risks at each facility that generates the wastes. EPA's data collection focused on three major
categories of information:

. waste composition data,
. waste management practice data, and
. environmental setting data.

Waste Composition Data. The Agency relied on three primary sources for data on the chemical
composition of each mineral processing waste. First, the Agency used data collected by OSW during sampling
visits in 1989. OSW sampled the wastes at a total of 27 of the 91 affected facilities. The Agency sampled at
least o facilities for each waste stream unless the waste is generated by only a single facility. Second, the
Agency used data submitted by industry in response to an EPA request for data under §3007 of RCRA. A
total of 64 facilities submitted useable waste composition data in response to this request, and all wastes of
interest are represented in these data except magnesium process wastewater and treated roast/leach ore residue
from sodium dichromate production. Third, EPA used waste composition data collected by ORD during
sampling visits in 1984 and 1986, and data collected by OSW during sampling visits in 1985. Data collected
by ORD are available for five wastes studied in this report: lead slag, copper slag, phosphoric acid process
wastewater, phosphogypsum, and elemental phosphorus slag. Data collected by OSW in 1985 are for red and
brown muds from alumina production. All together, these three sources provide data on the concentration
of some 20 metals, 3 radionuclides, gross alpha and beta radiation, and a number of other constituents
(including several ions and, in the case of the coal gasification wastes, numerous organic compounds). A more
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Waste Generation and Management

In order to describe each facility’s waste generation and to prepare the analyses of risk and cost and
economic impacts, and potential for alternative utilization, the Agency needed to accurately assess the volume
of waste generated at each facility. In estimating waste generation rates for the twenty waste streams, EPA
primarily used data from its 1989 National Survey of Solid Wastes from Mineral Processing Facilities (SWMPFE
Survey), and information supplied by industry experts at the U.S. Bureau of Mines. In some cases, EPA
utilized data submitted in public comments by facility operators and trade associations.

EPA also compiled and tabulated facility-specific data on the general physical characteristics and
chemical composition of the twenty wastes, and on the practices employed to manage them, again based
primarily on the SWMPF Survey data, and has used these data in subsequent analyses. Such data also came
from EPA sampling activities, site visits, and other data collection requests (e.g., RCRA §3007 requests.
damage case data collection). Facility-specific details regarding waste management include type(s) of
management units and volumes managed in each unit, pollution controls in place for each unit (e.g., liner type
and number, presence of leachate collection systems, run-on/run-off and wind dispersal controls), and whether
or not ground water, surface water, and/or air is currently monitored. EPA also collected and evaluated
information on waste treatment, including types of reagents used and management techniques applied to
treatment sludges and effluent(s).

Information submitted by industry in response to the SWMPF Survey was supplemented and critically
evaluated against data obtained from published sources, information collected as part of the damage case
development process, and EPA observations made during waste sampling and other site visits. The
descriptions of waste management practices provided in this report reflect EPAs synthesis of the information
obtained during all of these information collection activities.

Relationship of Waste Generation and Management Practice
Information to other Parts of the Report

Waste characteristics, generation, and management data have been collected and analyzed for two
primary purposes: 1) to understand the industry (i.e. RCRA §8002(p)(1-2) require EPA to analyze "the source
and volumes of such materials generated per year; (and) the present disposal and utilization practices"), and
2) to evaluate risk, alternative management practices (including utilization), and costs and impacts of such
alternative management practices (RCRA §8002(p)(3) and (5-6)).

Risk Assessment

Waste generation rates, physical and chemical characteristics, and management practices are three
major inputs to the analysis of the risk posed to human health and the environment by the wastes under study
in this report. The quantity of waste managed is important in evaluating the magnitude and duration of
environmental impacts. Waste characteristics, in part, determine whether the waste has the potential to release
harmful constituents to the environment. Knowledge of waste management practices, including controls (e.g.,
caps, liners) for the protection of the various media of environmental transport (e.g., air, surface water, ground
water) will, in part, determine the ability of any harmful constituents to be transported to potential human
or biotic receptors.

Evaluation of Management Alternatives and Potential Utilization

Waste characteristics and the outcome of the risk and damage case analyses determine the need for
and types of alternative management practices that EPA might consider. In addition, the technical feasibility
of management alternatives and the economic feasibility of utilization alternatives are directly affected by waste
generation rates.
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Cost and Economic Impacts

The volume and management practice data are key inputs into the evaluation of the costs of both
existing and alternative waste management practices. Cost estimation equations are driven primarily by the
volume of the waste managed and include a logarithmic component to simulate the effects of economies of
scale. Alternative waste management practices involve compliance with additional design specifications that
must-be modeled by the cost estimation procedure. Waste characteristics are important in that they are a
factor in determining what type of management alternatives may be required for the protection of human
health and the environment.

2.2.2 Potential and Documented Danger to
Human Health and the Environment

Potential Danger to Human Health and the Environment

EPA conducted a facility-specific analysis of the risks associated with each of the 20 mineral
processing wastes. The Agency collected information on the major factors that influence risks from the
management of the special wastes at each of the 91 facilities that generate the wastes, and analyzed this
information to develop conclusions on the potential for toxic constituents to be released from the waste and
cause human health and environmental impacts.

EPA used a three step approach in this risk assessment, as illustrated in Exhibit 2-1:

. First, the Agency assessed the intrinsic hazard of the wastes by comparing the
concentrations of toxic or radioactive constituents in the wastes and in the leachate
extracts from the wastes to screening criteria.> This step was used to determine which
constituents of the special wastes do not pose a risk to human health or the environ-
ment, even under very conservative (i.e., protective) relea: = and exposure assumptions.
If a waste contained constituents in concentrations that ex.zeded the screening criteria,
then the Agency further evaluated (in the next step of the analysis) the potential for the
waste to pose risk. A detailed discussion of the screening criteria and their derivation
is provided later in this chapter and in Appendix C-1 to this report.

. Second, EPA assessed the potential for constituents of potential concern from the
wastes to cause damage at the 91 facilities that generate the special wastes by evaluating
the practices currently used to manage the wastes and the environmental settings in
which the wastes are managed. Using facility-specific information about special waste
management and environmental setting, EPA evaluated the potential for toxic or
radioactive constituents that exceed the screening criteria to be released from waste
management units and to migrate to potential exposure points.

. Third, EPA performed quantitative modeling to estimate the human health and
environmental risks associated with existing waste management practices. In this
portion of the analysis, EPA estimated risks for only those wastes, facilities, and
potential release and exposure pathways that appeared to pose a hazard based on the
findings from the previous steps of the risk assessment.

The Agency used each step as a means of narrowing the scope of the analysis to those wastes and
facilities that pose the greatest potential risk. The evaluation of the intrinsic hazards of the wastes (Step 1)
was used to eliminate from further consideration any toxic or radioactive constituents that are not present in
concentrations of concern (based on conservative exposure assumptions). Evaluation of release, transport,
and exposure potential (Step 2) was used to identify potential exposure pathways and to allow a categorization
of the risk potential (i.e., high, medium, low) for all facilities generating each waste. Risk modeling (Step 3)

' The focus of the screemng cntena is on toxicity and radioactvity, in addinon 1o a simple determination of corrosvity EPA has
sufficient knowledge of the charactenstics of the 20 special mineral processing wastes to conclude that none are 1gnitabie or reactive.
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RCRA §3007 Waste Characteristics Data Request

In order to augment existing EPA waste characterization data and to allow affected facilities to have
meaningful input into the Agency’s evaluation of the physical and chemical characterisucs of temporanly
exempt mineral processing wastes, EPA issued a formal written request, under authority of RCRA §3007. to
facility operators seeking any currently available information on the charactenstics of the candidate special
mineral processing wastes that they generate. The request did not specify the quantity of data required by
EPA or a data format, so as to make compliance by the facility operators as simple as possible. An example
of the §3007 data request is presented in Appendix B-4 to this report.

Facility operators responded in a number of different ways, up to and including submitting hundreds
of pages of process control data. EPA has reviewed all of these data submittals and has collected and
summarized all data that are both useable (e.g., identity of waste stream and analytical testing method 1s clear)
and relevant to this study.

2.2  Analytical Approach and Methods

EPA has consolidated its analysis of certain of the eight study factors identified in Chapter 1, so as
to facilitate focused analysis and clear exposition of the information that is germane to the decisions at hand,
i.e., whether Subtitle C regulation of any of the 20 special mineral processing wastes is appropriate. The
Agency has employed this approach because several of the study factors overlap or are closely related to one
another. Consequently, the sector-specific chapters that follow consist of an introduction, five substantive
sections addressing the study factors, and a summary section.

The remainder of this chapter summarizes EPA’s approach for addressing each of the required study
factors. The sections that follow present the methods that the Agency has employed in preparing the six
substantive parts of each sector-specific chapter:

. Section 2.2.1, Waste Generation, Characteristics, and Cu rent Management Practices,
describes the identification of facilities that generate one or more of the special study
wastes, development of descriptions of production processes, product uses, general waste
composition, and waste generation and management practices (study factors 1 and 2),
as well as the relationship of this information to analysis of the remaining study factors.

. Section 2.2.2, Potential and Documented Danger to Human Health and the Environ-
ment, presents the approach that EPA used to assess the potential danger posed by each
of the 20 wastes under study and identify proven cases of danger to human health and
the environment (study factors 3 and 4).

. Section 2.2.3, Existing Federal and State Waste Management_Controls, describes the
Agency’s approach to developing an improved understanding of current federal and state
requirements that apply to special mineral processing wastes (as suggested by §8002(p)
of RCRA, independent of the eight study factors).

. Section 2.2.4, Alternative Management Practices and Potential Utilization, discusses the
identification and evaluation of aiternatives to current waste management and utilization
practices (study factors 5 and 8).

. Section 2.2.5, Cost and Economic Impacts, presents the Agency’s approach to specifying
alternative regulatory scenarios and estimating the associated costs and economic
impacts (study factors 6 and 7).

. Section 2.2.6, Summary, provides a description of the way in which EPA has evaluated
the study factors, in order to facilitate future regulatory decision-making.
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2.2.1 Waste Characteristics, Generation, and
Current Management Practices

To characterize the generation and management of each of the 20 special mineral processing wastes,
EPA needed to identify the facilities that generate the wastes, the production processes used and the prodacts
produced, the quantity and characteristics of the wastes generated, and the practices that are employed to
manage them. EPA's approach to addressing each of these needs is described below, followed by a discussion
of the relationship of the resulting information to the other study factors.

- Affected Facilities

The identification of the facilities that generate one or more of the twenty special wastes was begun
during the reinterpretation of the Mining Waste Exclusion for mineral processing wastes. This rulemaking
process began in August, 1988 and continued through the publication of a final rule in January 1990.
Beginning with previous EPA studies and additional published sources (e.g., SRI International’s Directorv of
Chemical Producers--United States, 1989 Ed.), and relying extensively on support from Commodity Specialists
with the U.S. Bureau of Mines, the Agency established a list of facilities that were believed to produce a
mineral commodity of interest and potentially generate a special waste. The operators of these facilities were
sent a survey requesting information on waste generation and management. A brief discussion of the survey
is provided above in Section 2.1. Survey responses allowed EPA to finalize its list of the active facilities in
the mineral processing sectors of concern. Production data (e.g., quantity of the primary commodity produced,
the age and capacity of the operation) were also obtained from these surveys.

Process Descriptions and Product Use(s)

Process descriptions were developed to characterize the major typ  s) of process operations employed
in each sector. Detailed discussion of waste generation from these procc.ses within this report is limited to
the special waste(s) within each commodity (i.e., one of the twenty waste streams studied in this report) and
does not involve other wastes or secondary materials that may be generated.

Information regarding production processes was taken primarily from the Encyclopedia of Chemical
Technology edited by Marks, et al., and published in 1978. This source, however, provides little or no
information regarding the point-of-generation of the waste streams in question. Relevant point-of-generation
data were obtained from public comments submitted by the industry, previous EPA reports (e.g., Overviews
of Solid Waste Generation, Management, and Chemical Characteristics for various processing sectors prepared
for EPA by PEI Associates and Radian Corporation), and Bureau of Mines publications (e.g., Mineral Facts
and Problems, 1985 Ed.).

Information describing the use of mineral products was taken primarily from Bureau of Mines
publications (i.c., Mineral Facts and Problems, 1985 Ed., Mineral Commodity Summaries, 1989 Ed., and
Minerals Yearbook, 1987 Ed.). Additional information was obtained from public comments and trade
publications.

EPA's understanding of mineral production processes and product uses has also been significantly
enriched as a result of the field sampling and site visits described above. In a number of instances, subtle
differences between facilities in a given commodity sector with respect to the production processes employed
and product types produced (hence, markets served) have been noted. The knowledge gained thereby has been
incorporated into the Agency’s analyses and throughout the sector-specific discussions that follow this chapter,
as appropriate.
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In preparing this report, EPA has developed facility-specific data and analytical methods that reflect
the complexity of the issues that are addressed herein. The faciliues that generate the special study wastes vary
considerably in the types of production operations and waste management techniques that they employ.
Moreover, to examine in detail the broad array of study factors mandated by RCRA §8002(p), EPA had to
develop approaches and methods that were sufficiently sophisticated to take into account the special nature
of high volume mineral processing wastes. This chapter outlines the data sources and methods that the
Agency employed to respond to the statutory study factors, beginning with a discussion of the major data
collection initiatives that EPAs Office of Solid Waste conducted during 1989 and proceeding to a discussion
of the approach that EPA employed to address the salient features and implications of mineral processing
waste generation and management.

2.1 EPA Data Collection Activities

After a review of the issues surrounding the Mining Waste Exclusion for mineral processing wastes
and its history, EPA's Office of Solid Waste conducted a number of data collection activities to supplement
and update previous work. The focus of most of these efforts was site-specific. As a consequence, EPA has
been able to compile detailed facility- and sector-specific information, which the Agency has used extensively
to prepare this report as well as a series of rulemakings which, in combination, have clarified the boundaries
of the Mining Waste Exclusion as it applies to mineral processing wastes (as discussed above). The major
information-gathering initiatives are identified and discussed in the following paragraphs.

Public Comments

Over the course of the past several years, EPA has received a considerable volume of written
comments addressing the scope of the Mining Waste Exclusion for mineral processing wastes. The Agency
has reviewed these comments, and has utilized pertinent information to supplement its knowledge of waste
generation and management, product markets, waste management alternatives, and other topics related to this
report.

1989 National Survey of Solid Wastes from Mineral
Processing Facilities (SWMPF Survey)

In early 1989, EPA prepared and submitted a written questionnaire to the operators of approximately
200 facilities that the Agency believed generated one or more solid wastes that might qualify for the Mining
Waste Exclusion. These facilities were identified from information in existing Agency files, statements made
in public comments on related proposed rulemakings, and from data supplied by the U.S. Bureau of Mines
(BOM). The questionnaire was designed to elicit information on waste generation and management at minerai
processing facilities, as well as on the operational characteristics of the facilities. The majority of the questions
included in the survey questionnaire addressed waste management, and were ordered so as to "track” the wastes
of interest from the point of generation through the ultimate disposition of all residuals.

Facility operator responses to the questionnaire provide nearly complete coverage of the facilities that
currently generate one of more of the 20 special study wastes. Coverage for many of the 20 waste streams is
complete, i.e., EPA has a census of all current generators of all but a few of these wastes. Responses to the
questionnaire were encoded and entered into a computerized data base, which EPA has used in assembling
the analyses described below. A description of the survey is presented in Appendix B-1 to this document.
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Copies of the survey instrument. as well as any non-confidential individual company responses to the
questionnaire, may-be found in the supporting docket for this report.

1989 Mineral Processing Waste Sampling and Analysis

Because many of the wastes considered in this report had not been studied by OSW previously, and
because existing data for some of the other wastes is sparse, EPA conducted a waste sampling and analysis
program during the summer of 1989. The Agency's field sampling teams visited 37 mineral processing
facilities, recorded observations regarding operational practices, took photographs of waste management
activities, and collected samples. In many cases, EPA took samples of candidate special mineral processing
wastes on both an "as-generated” basis and on an "as-managed” basis. Analytical data derived from wastes as-
generated were used extensively in support of the recent series of rulemakings addressing the scope of the
Mining Waste Exclusion, while the as-managed data have been used as a primary source of waste
characterization data in preparing this report. These data may be found in summarized form in the supporting
docket for this report, while a description of EPA's 1989 waste sampling study is presented in Appendix B-2
to this report.

Damage Case Collection T

To respond to the need to describe "documented cases in which danger to human heaith or the
environment has been proved,” (referred to in this report as "damage cases") as directed by the RCRA statute,
EPA conducted an exhaustive examination of the extent to which any of the wastes considered in this report
have been implicated in environmental contamination incidents. This effort began by contacting appropriate
staff people in all EPA regions and states in which one or more facilities that does or did generate one of the
20 special mineral processing wastes is located. Where telephone contacts indicated that relevant damage case
information might exist at the regional or state level, the information was obtained through the mail or
through visits with state/local officials having regulatory jurisdictic over mineral processing waste
management.

In some cases, personnel also visited the sites being evaluated. While in the field, EPA
representatives obtained copies of information that might be relevant to evaluating a particuiar damage case.
The result of this effort is a compilation of information regarding the past and present management practices
that have been applied to special mineral processing wastes, and the environmental or human health
consequences of these practices. Damage case findings are summarized by mineral commodity sector in the
chapters that follow; the individual sites that have been evaluated in detail are listed in Appendix B-3. More
extensive discussions and supporting evidence are provided in a technical background document that may be
found in the supporting docket for this report.

EPA Site Visits

In addition to the waste sampling and damage case collection efforts described above, staff visited a
number of active mineral processing operations during 1989 and 1990 in order to enhance the Agency’s general
understanding of the processes whereby special mineral processing wastes are generated, and of the techniques
by which they are and could be managed. In total, EPA headquarters staff have, during the past two years,
been on site and have observed the production and waste management operations at several dozen facilities
representing all twelve of the mineral commodity sectors addressed herein. The knowledge and insights gained
during these visits have enabled the Agency to understand and critically evaluate the adequacy of current waste
management practices. and to draw conclusions and make recommendations regarding the regulatory status
of the special mineral ; -ocessing wastes.
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Hvdrofluoric acid

- fluorogypsum
- process wastewater
Lead -- slag from primary processing

Magnesium -- process wastewater from primary magnesium processing by the anhvdrous
process

Phosphoric acid
-- phosphogypsum
-- process wastewater

Titanium tetrachloride -- chloride process waste solids

Zinc -- slag from primary processing

All other solid wastes from the processing of ores and minerals were removed from the Mining Waste
Exclusion as of the effective date of the January 23, 1990 final rule (July 23, 1990), and are subject to
regulation as hazardous wastes if they exhibit one or more characteristics of hazardous waste.

A summary of the important events in the rulemaking process and of the criteria that have been
developed by the Agency to identify the 20 special wastes from mineral processing operations that are the
subject of this report is presented in Appendix A (in Volume III) to this document.

1.2 Contents and Organization

This report addresses the following eight study factors required by §8002(p) of RCRA for the 20
mineral processing wastes listed above:

L
2.
3.

8.

The source and volumes of such materials generated pe: -ear;
Present disposal and utilization practices;

Potential danger to human health and the environment from the disposal and
reuse of such materials;

Documented cases in which danger to human health or the environment has
been proved;

Alternatives to current disposal methods;
The costs of such alternatives;

The impacts of these alternatives on the use of phosphate rock, uranium ore,
and other natural resources; and

The current and potential utilization of such materials.

In addition, the report includes a review of applicable state and federal regulations so that decisions
that derive from the report avoid duplication of existing requirements.

The report consists of three volumes, as follows:

Volume I: Summary and Findings

This volume provides an overview of the methods used to conduct the study, the decision
criteria used by EPA in reaching its tentative conclusions, and the Agency’s preliminary
findings with respect to each of the 20 mineral processing wastes that are within the scope of
the study.
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Volume [I: Methods and Analvses

° Chapter 1, Introduction, summarizes the scope, contents, and organization of the report.
o Chapter 2, Methods and Information Sources, presents an overview of the data sources

used to prepare this report and the methods used to interpret these data.

o Chapters 3 through 14, summarize the information and analysis performed with respect
to the study factors for the 20 mineral processing wastes, organized by 12 commodity
sectors, as follows:

- Alumina

- Chromium (sodium chromate and dichromate)

-- Coal gas

-- Copper

-- Elemental phosphorus

-- Ferrous metals (iron and carbon steel)

- Hydrofluoric acid

- Lead

-- Magnesium

-- Phosphoric acid

-- Titanium tetrachloride

- Zinc

Each of these 12 chapters has seven sections. The first section provides a brief overview of the
industry, including the types of production processes us i and the number and location of
operating facilities. The second section summarizes information on waste characteristics, as
well as waste generation and management practices (studyv factors 1 and 2), while the third
section provides a discussion of potential for and documented cases of danger to human health
or the environment (study factors 3 and 4). The fourth section summarizes applicable federal
and state regulatory controls (as suggested by § 8002(p) of RCRA, independent of the eight
study factors). The fifth section discusses alternative waste management practices and potential
utilization (study factors 5 and 8), while the sixth section discusses costs and impacts of
alternative practices (study factors 6 and 7). The seventh and final section of each chapter

summarizes the findings of the study for each commodity sector and the special waste(s)
generated therein.

Volume III: Appendices

o Appendices A - E present additional information on the history of the Mining Waste
Exclusion for mineral processing wastes; significant EPA data collection activities; risk
assessment methodology and assumptions; existing regulatory controls; and cost and
economic impact assessment methodology, assumptions, and results.

Additional documentation regarding the methods, data sources, and assumptions used in preparing
this report and the analyses contained herein may be found in the RCRA docket (docket number F-90-RMPA-

FFFFF).
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Introduction

Section 3001(b)(3)(A)(ii) of the Resource Conservation and Recovery Act (RCRA) excludes "sohd
waste from the extraction, beneficiation, and processing of ores and minerals” from regulation as hazardous
waste under Subtitle C of RCRA, pending completion of a Report to Congress required by §8002(p) and a
determination by the EPA Administrator either to promulgate regulations under Subtitle C or that such
regulations are unwarranted (as required by §3001(b)(3)(C)). In 1985, EPA published the required Report
to Congress on solid wastes from mineral extraction and beneficiation.! On July 3, 1986 (51 ER 24496), EPA
published a determination that regulation of such wastes under Subtitle C of RCRA was not warranted.

This report has been prepared in response to the requirements of §3001(b)(3) and §8002(p) that EPA
study solid waste from mineral processing operations that were included within the exemption -- referred to
as special wastes -- and prepare a Report to Congress on the findings of the study. This introduction provides:
(1) a description of the scope of the mineral processing waste exemption; and (2) an overview of the content
and organization of this report.

1.1 The Scope of the Mineral Processing Waste Exemption

On October 21, 1976, Congress enacted the Resource Conservation and Recovery Act (RCRA)
(Pub. L. 94-580). Section 3001 of RCRA mandated that the EPA Administrator "promulgate regulations
identifying characteristics of hazardous waste, and listing particular hazardous wastes which shall be subject
to the provisions of this subtitle.” Section 3004 required the Administrator to promulgate standards applicable
to owners and operators of hazardous waste treatment, storage, and disposal facilities.

In response to these requirements, EPA proposed regulations f. managing hazardous wastes under
Subtitle C of RCRA on December 18, 1978 (43 ER 58946). In this regulatory proposal, EPA proposed 1o
defer most of the RCRA Subtitle C requirements for six categories of wastes, which it termed "special wastes,”
until information could be gathered and assessed and the most appropriate regulatory approach determined.
EPA identified mining wastes as one of six such "special wastes" that were generated in large volumes, were
thought to pose less risk to human health and the environment than wastes regulated as hazardous wastes, and
for which the proposed technical requirements implementing Subtitie C might not be appropriate.2

In 1979, Congress began work on reauthorization of RCRA. During the reauthorization process, Rep.
Thomas Bevill (Alabama) offered an amendment (now frequently referred to as the Bevill Amendment) which,
among other things, modified §3001 to temporarily exempt "solid waste from the extraction, beneficiation, and
processing of ores and minerals, including phosphate rock and uranium ore" (along with two other categories
of waste) from Subtitle C regulation, pending completion of certain studies. On October 12, 1980, Congress
enacted the Solid Waste Disposal Act Amendments of 1980 (Pub. L. 96-482), which added §3001(b)(3)(A)(i-
iii) (the Bevill. Amendment) to RCRA.> These amendments also added §8002(p), which required the
Administrator to study the adverse effects on human health and the environment, if any, of wastes from the
disposal and utilization of "solid waste from the extraction, beneficiation, and processing of ores and minerals,

! U. S. Environmentai Protection Agency, 1985. Report to Congress on Wastes from the Extraction and Beneficiation of Metallic
Ores. Phosphate Rock, Asbestos. Overburden from Uranium Mining, and Oil Shale, EPA/S30-SW-85-033, Washington, D.C.

2 The other five proposed "special wastes” specifically identified in the 1978 proposed rule were cement kiln dust waste; utlity
waste: phosphate rock mining, beneficiation, and processing waste; uranium mining waste; and oil and gas dnlling muds and oil
production bnines.

3 The 1980 Amendments also contained §3001(b)(3)(B)(uii), which provides authonty for EPA to regulate the use of solid waste
from the extraction, beneficiation, and processing of phosphate rock or overburden from uranium mining in construction or land
reclamation, so as to prevent radiation exposure which presents an unreasonabie risk to human health.
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including phosphate rock and overburden from the mining of uranium ores,” and submit a Report to Congress
on 1its findings. In addition, the 1980 amendments added §3001(b)(3)(C), which requires the Administrator
to make a regulatory determination, within six months of the completion of the §8002(p) studies, whether to
regulate the wastes under Subtitle C of RCRA.

In response to the 1980 RCRA amendments, on November 19, 1980, EPA published an interim final
amendment to its hazardous waste regulations to reflect the provisions of the Bevill Amendment (45 FR
76618). The regulatory language incorporating the exclusion was identical to the statutory language, except
EPA added the phrase "including coal.” In the preamble to the amended regulation, however, EPA tentatively
interpreted the exclusion to include "solid waste from the exploration, mining, milling, smelting, and refining
of ores and minerals.”

In 1985, EPA proposed to narrow the scope of the exclusion as it applied to mineral processing wastes
(50 ER 40292, October 2, 1985), although EPA subsequently withdrew this proposal (51 ER 36233, October 9,
1986). The Agency’s decision to withdraw its 1985 proposal was challenged in court (Environmental Defense
Fund v. EPA, 852 F.2d 1316 (D. C. Cir. 1988), cert. denied 109 S. Ct. 1120 (1989) (EDF v. EPA4)). In this case,
the petitioners contended, and the Court of Appeals agreed, that EPA's interpretation of the scope of the
Bevill amendment as it applies to mineral processing wastes was "impermissibly over-broad.” In reaching this
decision, the Court found that Congress intended the term "processing” in the Bevill amendment to include
only those wastes from processing ores or minerals that met the "special waste” criteria -- that is, "high volume,
low hazard" wastes. 852 F.2d at 1328-29.

Through a rulemaking process completed with the publication of a final rule on January 23, 1990 (55
ER 2322),% the Agency has established that the temporary exemption from Subtitle C requirements
established by the Bevill Amendment for mineral processing wastes and, therefore, the scope of this report
is limited to 20 mineral processing wastes generated by approximately 91 facilities located within 29 states,
representing 12 mineral commodity sectors, as follows:

. Alumina -- red and brown muds from bauxite refining

) Chromium (Sodium chromate/dichromate) -- treated residue from roasting/leaching of chrome
ore

) Coal gas

-- gasifier ash from coal gasification
-- process wastewater from coal gasification
Copper
- slag from primary processing
- calcium sulfate wastewater treatment piant sludge from primary processing
- slag tailings from primary processing
J Elemental phosphorus -- slag from primary production
. Ferrous Metals (iron and carbon steel)
-- iron blast furnace air poliution control dust/sludge
- iron blast furnace slag
- basic oxygen furnace and open hearth furnace air pollution control dust/sludge

- basic oxygen furnace and open hearth furnace slag

* This rulemaking process also included publication of a proposed rule on October 20, 1988 (53 FR 41288), a proposed rule on
Apnl 17, 1989 (54 ER 15316), a final rule on September 1, 1989 ( 54 FR 36592), and a proposed rule on September 25, 1989 (54 FR
39298). .
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hazardous waste management standards, but instead to be retained within the Mining Waste Exclusion for
mineral processing wastes. If such a finding is appropriate, EPA believes that it would need to be conditioned
on the premise that major steps be taken to take near term actions to control releases from the facilities
producing these waste streams. Some corrective measures are already being taken under a variety of Agency
authorities (i.e., RCRA, Superfund, CWA) and more can and will be undertaken. EPA believes that the states
must act to address the most immediate problems posed by these wastes, as well as any of the other mineral
processing special wastes that have been found in this report to pose significant actual or potential hazard to
human health or the environment. To assist in this effort, EPA would provide technical and other resource
support to the involved states to improve their programs. If near term actions did not result in adequate
control of such wastes, EPA would then take action to reconsider its regulatory determination and could
designate certain waste streams as Subtitle C hazardous wastes.
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. Current management practices for hydrofluoric acid process wastewater have not
prevented release at one of the currently active facilities. There is a potential for
development of additional domestic hydrofluoric acid production capacity, and the
corresponding construction of new facilities. New facilities may be located in sensitive
environmental settings given that the principal feedstock (acid-grade fluorspar) is
generally imported and facility locations with ready access to water transportation are
most likely.

. In the case of calcium sulfate wastewater treatment plant sludge from primary copper
processing, applicable solid waste regulations are limited in states where it is currently
generated and generation of this waste at additional facilities appears likely.” At least
some of these additional facilities are in environmental settings that may have a greater
potential for risk than the facilities where the waste is currently generated. Ground-
water contamination at one facility may be due at least in part to disposal of the sludge.

. Current management practices contributing to documented damages associated with lead
slag are not adequately addressed by current regulations.

. Chloride process waste solids from titanium tetrachloride production are generated by
facilities in eight states, some of which have relatively few solid waste regulations that
are applicable to the management of this waste. Construction of several new facilities
is expected and these facilities may be located in sensitive environmental settings given
that the principal feedstock is generally imported and facility locations with ready access
to water transportation are most likely. In addition, EPA is concerned that under some
circumstances, chloride process waste solids from titanium tetrachloride production may
pose some radiation risk. As a result, EPA plans to investigate further the potential for
exposure and associated radiation risk associated with this waste and, if appropriate,
take steps to limit such risks under authorities provided by RCRA and other statutes.

To conduct Step 3 of the analysis process under Approach 1A, EPA estimated the cost of regulating
each of these wastes under full Subtitle C requirements. The Agency the' compared the costs for full Subtitle
C regulation to the estimated costs that might result from regulation u: :er Subtitle D requirements similar
to those being developed for mining wastes ("Subtitle D-Plus"). For three of the four wastes (calcium sulfate
wastewater treatment piant sludge from primary copper processing, slag from primary lead processing, and
chloride process waste solids from titanium tetrachloride production), the estimated costs for full Subtitle C
regulation would be significantly larger and the associated impacts would be more significant at nearly all
facilities than the estimated costs of regulation under the Subtitle D-Plus scenario. Using this approach, EPA
would tentatively conclude that regulation of these three wastes under Subtitle C is not warranted.

For process wastewater from hydrofluoric acid production, EPA found that the estimated compliance
costs for regulation under full Subtitle C and regulation under the Subtitle D-Plus scenario were comparable
and that the likely economic impacts were not expected to be significant. Using this approach to the cost
analysis, EPA would tentatively conclude that process wastewater from hydrofluoric acid production may
warrant regulation under Subtitle C.

Comparison of Subtitle D-Plus and Subtitle C-Minus (Approach 1B)

Under Approach 1B to conducting Step 3, EPA estimated the cost of managing these four wastes
under a Subtitle C scenario that utilizes flexibility provided by RCRA §3004(x) (Subtitle C-Minus). The
Agency then compared the costs for Subtitle C-Minus regulation (rather than full Subtitle C regulation, as in
Approach 1A) to the estimated costs that might result from regulation under Subtitle D requirements similar

% Additional facilities where the calcium sulfate wastewater treatment sludge may be generated include both existing copper
smelting/refining facilities that do not currently generate the waste and potential new smeitng/refining facilities, including a facility on
the Gulf Coast of Texas.



16  Summary and Findings

to those being developed for mining wastes (Subtitle D-Plus). EPA found that the estimated costs for the
Subtitle C-Minus and Subtitle D-Plus scenarios are similar for nearly all facilities.

4.2 Application of the RCRA §8002(p) Study Factors and Additional
Considerations: Approach 2

Section 8002(p) of RCRA and the decision in Environmental Defense Fund v. EPA, 852 F.2d 1309
(D.C. Cir. 1988) make it clear that the Agency may and should consider the specific factors of §8002(p)(1)-(8)
in making its decision regarding the appropriate regulatory status of special wastes from mineral processing.
In addition, the Agency believes that it may be appropriate to consider other factors relating to the broader
goals and objectives of the Agency, such as developing and maintaining strong state mining and mineral
processing waste regulatory programs and facilitating implementation of federal programs (see Step 4 of the
discussion of the decision rationale in Section 3.3 above).

The analysis of the §8002(p) study factors presented above indicates that management of one, and
perhaps as many as four, mineral processing special wastes may be appropriate for regulation under Subtitle
C if only the study factors are considered, primarily because: (1) they have or could pose a significant risk to
human health and the environment under current management practices or plausible mismanagement
scenarios; and (2) the costs and impacts of regulation under full Subtitle C (for one waste) or Subtitle C-Minus
(for three additional wastes) are estimated to be comparable to the costs associated with regulation under a
Subtitle D-Plus program. In the case of process wastewater from hydrofluoric acid production, the estimated
costs for the various scenarios are similar in large part because EPA has projected that requirements that
would be protective of human health and the environment under Subtitle C-Minus, and under full Subtitle
C as well, might be similar to those that may be required under a Subtitle D-Plus program. Because of the
potential similarity between Subtitle C-Minus and Subtitle D-Plus requirements, as well as broader Agency
objectives, EPA believes that it may be appropriate to include consideration of the additional factors of state
program development for mining and mineral processing waste streams. 1cluding federal program oversight,
in order better to distinguish between these two regulatory scenarios.

Many states have recently or are currently expanding the scope and requirements of their regulatory
programs as they apply to mineral processing wastes. For example, Florida has recently developed a policy
that requires additional controls, such as liners, for new or expanded phosphogypsum stacks and is developing
proposed regulations to update this policy and expand its scope to include phosphoric acid process wastewater.
Missouri passed the Metallic Minerals Waste Management Act in 1989, and implementing regulations are
being developed, which require permits, closure plans, maintenance plans, and provisions for financial
assurance. Pennsylvania has proposed Residual Waste Regulations that, if promulgated, would require permits
with provisions for liners, leachate collection systems, monitoring wells, and disposal of leachate for special
wastes from iron and steel production and zinc slag (as well as other wastes). Similarly, Delaware, Ohio, and
Tennessee have all recently developed revised solid waste regulations that will increase the stringency of
requirements for management of special wastes. Some other states, such as Indiana and Kentucky, already
have programs that specify management standards for mineral processing wastes.

In addition, some of these and many other states are currently working with EPA in the development
of a regulatory program for mining wastes. This program is designed to be site-specific, risk based, and
comprehensive. It also is being targeted to address the characteristics of mining wastes and site conditions
at mining sites.

EPA believes that it may be appropriate to facilitate both development and maintenance of strong
state programs and implementation of any federal regulations that may be necessary for mineral processing
wastes by regulating all special wastes from mineral processing under Subtitle D of RCRA. Some mining and
mineral processing wastes may be excluded from any further federal regulation under RCRA.

In light of these considerations, the results of Approach 2 indicate that it may be appropriate for the
waste streams identified above for potential Subtitle C (full C or C-Minus) regulation not to be subject to
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In addition, EPA found that the available data indicate that air pollution control (APC) dust/sludge
from iron blast furnaces and from basic oxygen and open hearth furnaces used to make carbon steel exhibit
the characteristic of EP toxicity at some facilities. For both types of dust and sludge, relatively few of the
samples and facilities tested yielded EP-toxic results (for at most two constituents) and the magnitude of the
exceedances was generally low. No damage cases were identified for either type of dust/sludge, either for on-
site or off-site management. In addition, several facilities recycle rather than dispose the dust, the facilities
are generally not in high risk settings, and construction of new facilities is not likely.

EPA also found that the potential for hazard associated with two other wastes, red and brown muds
from bauxite refining and gasifier ash from coal gasification, was comparatively low, except for the radionuclide
content of the wastes; in addition, no documented damages attributable to these two wastes were identified.®
For both of these wastes, however, available data indicate that under some circumstances (e.g., use of the
wastes in home building materials) the wastes may pose some radiation risk. As a result, EPA plans to
investigate further the potential for exposure and associated radiation risk associated with use of these two
mineral processing special wastes and, if appropriate, take steps to limit such risks under authorities provided
by statutes other than RCRA.

The radionuclide content, and the associated potential for radiation risk, is also of concern in three
other wastes: slag from elemental phosphorus production, and phosphogypsum and process wastewater from
phosphoric acid production. With respect to slag from elemental phosphorus production, EPA found that
average life-time cancer risks range from 4x10 to 1x10-3 in Soda Springs and Pocatello, Idaho as a result of
the use of the slag in a wide range of construction applications. In other respects, the potential and
documented danger associated with non-radioactive contaminants contained in elemental phosphorus slag
appears to be relatively low because: (1) the slag does not exhibit any of the characteristics of hazardous waste;
and (2) there are no documented damage cases.” In addition, construction of additional facilities in the
foreseeable future appears unlikely. EPA plans to use the authority of RCRA §3001(b)(3)(B)(iii) to ban the
use of this material in construction and/or land reclamation when the Agency issues its regulatory
determination for mineral processing wastes. EPA is soliciting comr nts on the appropriate regulatory
language that should be used and how such a ban should be implemen: . J.

In the case of phosphogypsum, radionuclide hazards associated with air releases from gypsum stacks
and off-site uses of phosphogypsum are being addressed by the Agency under 40 CFR, Part 61, Subpart R,
National Emission Standards for Hazardous Air Pollutants (NESHAP), Radon Emissions from
Phosphogypsum Stacks (54 ER 51654, December 15, 1989; 55 FR 13480, April 10, 1990; 55 FR 13482, April
10, 1990).

Phosphogypsum and phosphoric acid process wastewater are also of concern because damage case
information indicates that both closed and currently active phosphogypsum stacks (in which both the
phosphogypsum and the wastewater are managed) and wastewater cooling ponds have caused and/or are
causing ground-water contamination at many facilities. In addition, available data indicate that
phosphogypsum tested EP toxic at one of ten facilities, and process wastewater exhibits the characteristic of
corrosivity at most facilities and the EP-toxicity characteristic at some facilities. Current regulations are
apparently not adequate to prevent contamination (although this situation may change as state regulatory
programs improve), so the potential costs of regulation under Subtitle C were examined in the third stage of
the evaluation. EPA estimated that the incremental annualized cost of either full Subtitle C regulation or the
Subtitle C-Minus scenario for phosphogypsum and process wastewater, as compared to the Subtitle D-Plus
scenario developed for cost estimating purposes, could exceed $500 million and $50 million respectively, and
could significantly affect several facilities. At facilities that EPA estimates could be significantly affected by
costs associated with the Subtitle C or Subtitle C-Minus scenarios, the estimated costs of the Subtitle D-Plus

¢ Ground-water contamination at the Dakota Gasification facility in North Dakota was 1dentified, but the source of the
contamination appears to be wastes other than the gasifier ash.

7 Ground-water contamination has been identified at one site. but it appears that wastewater was the source rather than slag.
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scenario, expressed as a percent of the value of shipments, are substantially less at seven facilities. The
estimated impacts associated with Subtitle C or C-Minus regulation at these facilities would be expected to
be significant, and it is unlikely that these facilities could pass along their higher costs. EPA considered the
combined costs of Subtitle C requirements for phosphogypsum and process wastewater because: (1) these two
wastes are typically co-managed; and (2) the compliance costs associated with both wastes would apply to each
facility. EPA is aware, however, that only a portion of the total process wastewater flow is typically co-
managed with the phosphogypsum. The Agency may investigate the feasibility of separate management of
these wastes, as well as separating various wastewater streams in the context of this decisionmaking and the
development of the mining waste program under Subtitle D.

In any case, however, EPA is concerned that under some circumstances process wastewater from
phosphoric acid may pose some radiation risk that would not be addressed by the NESHAP regulation noted
above. As a result, EPA plans to investigate further the potential for exposure and associated radiation risk
associated with this waste and, if appropriate, take steps to limit such risks under authorities provided by
RCRA and other statutes.

Wastes EPA Might Tentatively Consider for Regulation
Under RCRA Subtitles C or D

For the remaining four wastes (calcium sulfate wastewater treatment plant sludge from primary copper
processing, slag from primary lead processing, process wastewater from hydrofluoric acid production, and
chioride process waste solids from titanium tetrachloride production), EPA proceeded to evaluate the
estimated incremental compliance costs and associated impacts in Step 3 of the analysis in two ways. First,
EPA examined the estimated costs of regulation under Subtitle D (using the "D-Plus” scenario) relative to the
estimated costs of full Subtitle C regulation (Approach 1A). Second, EPA examined the estimated cost of
Subtitle D-Plus regulation relative to the cost of regulation under a Subtitle C scenario that utilizes flexibility
provided by RCRA §3004(x) (Approach 1B). These two analyses are discussed below along with the results
of analysis Steps 1 and 2 for each of the wastes. As already indicated, t : Subtitle C-Minus and Subtitle D-
Plus scenarios are based on the Agency’s preliminary assessment of ho\. regulatory requirements might be
tailored for mineral processing wastes. Because of this, the Agency is unsure whether the cost/impacts in these
comparisons are fully appropriate and specifically requests comments on them. The fact that a hypothetical
Subtitle D-Plus scenario was used for comparison does not mean that any or all of these wastes will necessarily
be proposed for further regulation.

Comparison of Subtitie D-Plus and Full Subtitie C (Approach 1A)

In applying Steps 1 and 2 of the analysis process, EPA found that each of these four special wastes
have posed or may pose a danger to health or the environment. Available data indicate that all four of the
wastes exhibit one or more of the characteristics of hazardous wastes. All of the wastes except process
wastewater from hydrofluoric acid production exhibit the characteristic of EP toxicity at at least one facility.
Process wastewater from hydrofluoric acid production is corrosive at all facilities where it is generated.
Documented damages associated with current lead slag management practices were identified and the potential
for damages exists for the other wastes as well. Ground-water contamination that may in part be attributable
to calcium sulfate sludge from primary copper processing and chloride process waste solids from titanium
tetrachloride production was identified at at least one facility that generates one of these wastes.

In addition, the Agency is not confident that current practices and regulations are adequate to prevent
further danger to health or the environment from these four wastes. Specific reasons are as follows:

8 Atnbution of the observed ground-water contamination at these sites was not possible due to co-management of the special
wastes with other wastes, the close proxumity of other waste management units, and/or a long history of production and waste
management activities at the site.
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4.0 Findings

Section 3001(b)(3)(C) of RCRA requires that the Agency determine, based on the findings of this
report, and public hearings and comment, either to promulgate regulations under Subtitle C of RCRA for the
wastes covered by this study or determine that such regulations are unwarranted. Accordingly, to facilitate
comment on this report and the subsequent preparation by the Agency of the required "regulatory
determination,” this section presents EPAs findings regarding the 20 special wastes from mineral processing
based on two separate approaches. These two approaches include:

. Application of the RCRA §8002(p) Study Factors, which discusses the regulatory
approach (i.e., Subtitle D or Subtitle C) that the Agency tentatively concludes is
appropriate for each of the 20 mineral processing wastes if the study factors listed in the
statute aione are considered; and

. Application of the RCRA §8002(p) Study Factors and Additional Considerations, which

discusses (1) additional factors that the Agency believes may be appropriate to consider
in making a "regulatory determination” and (2) the tentative conclusions that may be
drawn that include consideration of these additional factors.

EPA solicits comments on both of these approaches and the tentative conclusions presented below.
With respect 10 the decision-making approaches, EPA solicits comments on: (1) what factors the Agency
should consider in making the required regulatory determination; (2) what information should be used to
evaluate these factors; and (3) the relative weight that the factors should be given in developing a regulatory
determination.

4.1 Application of the RCRA §8002(p) Study Factors: Approach 1

As discussed above, RCRA §8002(p) specifies eight factors that the Agency shall include in the
analysis performed for this report and suggests that EPA also examine federal and state agency programs to
avoid duplication of effort. This section presents a summary of the Ager v’s analysis of these factors and the
possible conclusions, pending receipt and analysis of public comments, that EPA might make regarding the
appropriate regulatory status of the 20 mineral processing special wastes covered by this report. The 20
mineral processing special wastes are discussed in two groups: (1) wastes that the Agency might recommend
regulating under Subtitle D of RCRA; and (2) wastes that the Agency might tentatively consider for regulation
under Subtitles C or D.

Wastes EPA Might Tentatively Recommend to Remain Under RCRA
Subtitle D

The available data, the analysis presented in this report, and consideration of the RCRA §8002(p)
study factors suggest that regulation under Subtitle C of RCRA is unwarranted for the following 16 mineral
processing wastes:

. Red and brown muds from bauxite refining;

. Treated residue from roasting/leaching of chrome ore;
. Gasifier ash from coal gasification;

. Process wastewater from coal gasification;

. Slag from primary copper processing,

. Slag tailings from primary copper processing;
. Slag from elemental phosphorus production;
. Iron blast furnace slag;

. Basic oxygen furnace and open hearth furnace slag from carbon steel production;
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. Air pollution control dust/sludge from iron blast furnaces;

. Air pollution control dust/sludge from basic oxygen furnaces and open hearth furnaces
from carbon steel production;

. Fluorogypsum from hydrofluoric acid production;

. Process wastewater from primary magnesium processing by the anhydrous process;

. Process wastewater from phosphoric acid production;

. Phosphogypsum from phosphoric acid production; and
’ Slag from primary zinc processing.

In using the study factors listed in RCRA §8002(p), EPA used the approach described above in
Section 3 to examine: (1) the potential for and documented danger to human health and the environment; (2)
the need for additional regulations; and (3) the costs and impacts of Subtitle C regulation.

EPA did not find significant actual or potential danger associated with the following three wastes,
based on waste characteristics, management practices, and damage case investigations:

. Treated residue from roasting/leaching of chrome ore;
. Process wastewater from coal gasification; and
. Slag tailings from primary copper processing.

None of these wastes exhibit a characteristic of hazardous waste and no documented damages were identified
as associated with their management.

The other thirteen wastes listed above were identified as having some actual or potential hazard
associated with current management practices or plausible mismanagement scenarios, and so were subsequently
evaluated in the second stage of the process.

In the second stage of the evaluation, EPA identified four was :s that did not exhibit a hazardous
characteristic (with the exception of one sample of copper slag at one faci!ity) but for which documented cases
of adverse environmental impacts that affected surface water were identified at at least one facility:

. Iron blast furnace slag;
. Slag from primary copper processing;
. Basic oxygen furnace and open hearth furnace slag from carbon steel production; and

. Fluorogypsum from hydrofluoric acid production.

In all four cases, however, these surface water releases (one of which occurred via ground water) have been
and/or are being addressed under existing regulatory authorities at the state and/or federal level. In addition,
the potential for risks associated with management of these wastes at potential new facilities is not likely to
be greater than at the existing facilities. In the case of fluorogypsum, however, the available data indicate that
the radionuclide content of the waste is such that under some circumstances (e.g,, use of the wastes in
construction) the waste may pose some radiation risk. As a result, EPA plans to investigate further the
potential for exposure and associated radiation risk for fluorogypsum and, if appropriate, take steps to limit
such risks under authorities provided by RCRA and other statutes.

EPA found that two wastes exhibited one or more of the hazardous characteristics, slag from primary
zinc processing and process wastewater from primary magnesium processing by the anhydrous process.
However, each is gene-ited by a single facility, neither of which have documented damages after about 50 and
20 years of operation, respectively. In both cases, market conditions and production processes are such that
construction of additional facilities in the foreseeable future is unlikely. In addition, state regulations are in
effect for the one primary magnesium facility and being revised/strengthened for the primary zinc processing
facility. EPA plans to investigate further off-site uses of zinc slag for uses that constitute disposal.
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It should be noted that EPA has done its best to develop and analyze alternatives to current disposal
methods. However, these scenarios represent an assessment of how regulatory requirements might be tailored
to reflect the unusual characteristics of mineral processing wastes, that is, the assumptions made here 1n
developing these scenarios may not resemble any actual Subtitle C-Minus or Subtitle D-Plus requirements that
may be developed by the Agency in the future. As a result, EPA solicits comments on the regulatory scenarios
that the Agency has used and the appropriateness of the underlying assumptions for the possible future
development of regulatory programs under Subtitle D or under Subtitle C using the flexibility provided by
RCRA §3004(x).

In considering whether Subtitle C regulation may be warranted or not, EPA is considering how or
whether to implement the flexibility provided by RCRA §3004(x) to the extent that it can do so and continue
to ensure human heaith and environmental protection. Specifically, EPA would consider this flexbility in
establishing treatment standards for land disposal of these newly identified wastes under 40 CFR Part 268 in
separate rulemaking under §3004(g)(4) and would develop corrective action requirements on a site-specific
basis as part of the permitting process. With respect to the flexibility for minimum technology requirements
(§3004(0) and §3005(j)), EPA solicits comments on how best to implement the flexibility provided by §3004(x),
such as establishing requirements on a site-specific basis as part of the permitting process or development of
revised standards under Subtitle C regulations.

The step-wise process that the Agency applied to the available information is outlined below.

Step 1. Does management of this waste pose human health/environmental
problems? Might current practices cause problems in the future?

Critical to the Agency’s decision-making process is whether each special waste either has caused or
may cause human health or environmental damage. To resolve this issue, EPA has posed the following key
questions: ’

1. Has the waste, as currently managed, caused documented ! .man health impacts
or environmental damage?

2. Does EPAs analysis indicate that the waste may pose 1 significant risk to
human health or the environment at any of the sites that generate it (or in off-
site use), under either current management practices or plausible mis-
management scenarios?

3. Does the waste exhibit any of the characteristics of hazardous waste?

If the answer to any of these three questions was yes, then EPA concluded that further evaluation was
necessary. If the answer to all of these questions was no, then the Agency tentatively concluded that regulation
of the waste under RCRA Subtitle C is unwarranted.

Step 2. Is more stringent regulation necessary and desirable?

If the waste has caused or may potentially cause human health or environmental impacts under
conservative risk assumptions, then EPA concluded that an examination of alternative regulatory controls was
appropriate. Given the context and purpose of the present study, the Agency focused on an evaluation of the
likelihood that such impacts might continue or arise in the absence of Subtitle C regulation, by posing the
following three questions:

1. Are current practices adequate to limit contaminant release and associated
risk?

2. What is the likelihood of new facilities opening in the future and generating
and managing the special waste in a different environmental setting than those
examined for this report?
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3. Are current federal and state regulatory controls adequate to address the
management of the waste?

If current practices or existing regulatory controls are adequate, and if the potential for actual future impacts
is low (e.g., facilities in remote locations, low probability of new facilities being constructed, low likelihood
of actual risk), then the Agency may tentatively conclude that regulation of the waste under Subtitle C is
unwarranted. Otherwise, further examination of regulatory alternatives is necessary.

Step 3. What would be the operational and economic consequences of a
decision to regulate a special waste under Subtitle C?

If, based upon the previous two steps, EPA believed that a waste might potentially be a candidate for
regulation under Subtitle C, then the Agency estimated and evaluated the costs and impacts of two regulatory
alternatives that are based upon Subtitle C, and one alternative that reflects one possible approach that might
be taken under RCRA Subtitle D ("Subtitle D-Plus"). Two evaluations were performed. The first focused
on the magnitude, distribution, and significance of the incremental costs of regulation under full Subtitle C
as compared to the Subtitle D-Plus scenario for each potentially affected facility. The second focused on
incremental costs and impacts associated with regulation under the Subtitle C-Minus scenario as compared
to Subtitle D-Plus. The key questions in the Agency’s decision-making process for both comparisons were as
follows:

1. Are predicted economic impacts associated with the full Subtitle C (or Subtitle
C-Minus in the case of the second comparison) scenario significant for any of
the affected facilities?

2. Are these impacts substantially greater than those that would be experienced
under the Subtitle D-Plus scenario?

3. What is the likely extent to which compliance costs cou. : be passed through
to product markets or input costs could be reduced, i.e., » what extent could
regulatory cost burdens be shared?

4. In the event that costs are significant, could a large proportion of domestic
capacity or product consumption be affected?

5. What effects would hazardous waste regulation have upon the viability of the
beneficial use or recycling of the special waste?

In EPA's judgment, an ability to pass through costs or an absence of significant impacts suggested that Subtitle
C regulation (or Subtitle C-Minus in the case of the second comparison) might be appropriate for wastes that
pose significant risk. In cases in which the Subtitle C (or Subtitle C-Minus) scenario would impose widespread
and significant impacts on facilities, result in reductions in domestic capacity or supply, and/or deter the safe
and beneficial use of the waste, EPA tentatively concluded that regulation under some form of Subtitle D
program might be more appropriate.

Step 4. Additional Considerations

In this fourth step, which EPA only included in one of the two decision-making approaches, EPA
considered factors in addition to the §8002(p) study factors that relate to the broader goals and objectives of
the Agency, including developing and maintaining strong state programs to regulate mining and mineral
processing wastes. EPA believes that it may be appropriate to facilitate both development and maintenance
of strong state programs and implementation of federal regulations for mineral processing wastes by regulating
all special wastes from mineral processing under the mining wastes program being developed under Subtitle
D of RCRA. The relevance of these additional factors, and their impact on EPA's findings, is discussed below.
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two reasons. First, some states do not have regulatory programs, meaning that federal requirements apply
directly. Second, the federal government has not delegated authority to states for implementing some
environmental protection statutes and regulations.

The initial phase of the analysis examined the relevant statutes and regulations periaining to
hazardous waste, solid waste, air quality, and water quality as they might apply to the management of the
mineral processing special wastes, in general. The second phase of this analysis was to identify and evaluate
any specific regulations that pertain to any of the 20 special mineral processing wastes. The final phase of the
analysis involved contacting Regional EPA staff in those states that do not have federally approved programs
for implementation of the major environmental statutes, as well as relevant staff within other federal agencies
and departments, and performing a regulatory analysis of the implementation of all existing federal statutes
and regulations that pertain specifically to the management of the 20 special mineral processing wastes. The
findings of this review are contained within the twelve commodity-specific chapters, while descriptions of the
major federal statutes and regulations that affect mineral processing wastes management generally are provided
in Appendix D-1 (in Volume III).

Requirements in Selected States

EPA's goal in this analysis was to determine the current regulatory stance of states with regard to the
mineral processing wastes generated by the 12 commodity sectors addressed in this report. The analysis serves
more generally to help characterize current waste management and disposal practices taking place as a result
of state regulation.

The first step in the analysis focused on reviewing material in a previous EPA-sponsored study on
state-level regulation of mining and mineral processing wastes. The second step of EPA’s analysis was to
perform a more detailed review of individual state statutes and regulations; this review was limited in scope
to a representative sample (18) of the 29 states containing facilities of interest for further analysis. While this
more detailed study addressed, in part, the regulatory status of special mneral processing wastes, EPA found
that the scope of state programs was not always clear from the state st -utory and regulatory language that
was reviewed. The final step of EPA’s analysis, therefore, consisted of ccntacting state officials involved with
the implementation of legal requirements in order to learn how those statutes and regulations are interpreted
in practice, and to obtain facility-specific implementation information. The information compiled from these
contacts was combined with the existing information on statutory and regulatory requirements to produce a
final implementation analysis, which describes the existing regulatory structure applicable to the 20 mineral
processing wastes generated by the twelve commodity sectors considered in this Report to Congress.

Alternative Management Practices and Potential Utilization

Section 8002(p) of the RCRA statute requires that EPA consider alternatives to current disposal
methods, as well as the current and potential utilization of the wastes addressed by the Report to Congress.
In order to accomplish this, this report identifies demonstrated alternatives for waste management and
utilization. The costs, current use, potential use, and environmental impact of each alternative are evaluated
to the extent permitted by the information available.

Because the primary purpose of this report is to determine whether the regulation of the special
mineral processing wastes under Subtitle C is warranted, EPA focused its efforts and the discussion of waste
management alternatives presented herein on those wastes that potentially may be candidates for Subtitle C
regulation, excluding consideration of the costs and impacts of the various scenarios.

The focus of this analysis was on conducting a comprehensive computer-assisted literature search, then
evaluating the information obtained thereby. In some instances, more detailed information was solicited from
individual researchers, agencies, and trade associations. Detailed discussion of alternatives is limited in scope,
however, to those for which information is adequate to assess their technical feasibility (i.e., EPA has not
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generally included alternatives that are experimental, unproven, or have not seen at least pilot-scale
application).

Cost and Economic Impacts

Section 8002(p) of RCRA requires EPA to analyze "alternatives to current disposal methods” for solid
wastes generated from the extraction, beneficiation, and processing of ores and minerals. EPA is also required
to analyze "the costs of such alternatives.”" Section 6 of each commodity-specific chapter (in Volume II)
discusses the costs and associated economic impacts of alternative waste management practices. The analysis
of costs and impacts is limited in scope to those waste streams that exhibit one or more characteristics of
hazardous waste and/or exhibit documented damage or potential risk.

The focus of the analysis is on the comparative operational and financial consequences of regulating
these materials under various regulatory schemes. First, cost and impacts are calculated for regulation of these
wastes under full Subtitle C of RCRA. Two less stringent regulatory scenarios are also considered, one of
which reflects the potential for relaxed hazardous waste management controls found at §3004(x) of RCRA
("Subtitle C-Minus"), while the other is a hypothetical Subtitle D program designed to specifically address
mineral processing wastes ("Subtitle D-Plus”).

The incremental costs associated with alternative regulatory options are compared to several financial
indicators at the facility level in order to determine the relative magnitude of potential impacts. In addition,
the Agency has evaluated market conditions facing each affected facility and sector to assess the extent to
which facilities potentially facing compliance costs would be able to pass through these costs to various
product markets or force reductions in the cost of inputs (e.g., ore concentrate, labor).

In conducting this cost analysis, EPA has assumed, in most cases, that waste streams are potentially
hazardous at only the individual facilities for which data submitted by industry or EPA sampling data indicate
that the waste exhibits one or more of the four characteristics of a hazardous waste, as defined by 40 CFR Part
261 Subpart C. When wastes do exhibit a hazardous waste characteristic 1 is assumed that the waste(s) would
be regulated as hazardous waste were it not for the exclusion provided b+ RCRA §3001(b)(3)(A)(ii), and the
wastes are examined in the cost analysis accordingly.

3.3 Decision Rationale

EPA has developed two alternative approaches to analyze the information presented in this report
regarding each of the 20 special wastes from mineral processing. Both approaches share a three-step process
that the Agency used to evaluate the RCRA §8002(p) study factors by first assessing the need for additional
regulatory controls (or absence thereof), then evaluating the options for appropriate requirements that could
be applied to each individual waste stream for which additional controls might be in order, and, finally,
estimate the associated costs and impacts. The second approach is distinguished from the first by the addition
of a fourth step in which the Agency considered additional factors based on broader Agency goals and
objectives. By applying this decision-making framework, consistent decisions regarding the need for additional
regulatory controls for each of the 20 special study wastes were achieved.

In applying the decision criteria, EPA believes that the factors that are most important in establishing
the regulatory status of the special wastes should be given major emphasis. Therefore, potential risks posed
and documented damages caused by the wastes, the need for additional regulations, the costs and impacts that
would be associated with more stringent regulatory controls, and overall Agency objectives are the focus of
the four steps in the analysis process. The reason for this is that in the absence of potential risk and/or
documented damages, there is no need for hazirdous waste regulation under RCRA Subtitle C (the key issue
in question); if greater regulatory controls are needed because of significant potential or documented danger,
the costs and impacts of regulatory controls are the critical factors in determining whether a given alternative
would lead to the desired outcome (adequate protection of human health and the environment and continued
operation of the affected industries).
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Waste Characteristics, Generation, and Current Management Practices

To characterize the generation and management of each of the 20 special mineral processing wastes,
EPA had to identify the facilities that generate the wastes, the production processes used and the products
produced, the quantity and characteristics of the wastes generated, and the practices that are employed to
manage them.

The identification of the facilities that generate one or more of the 20 special wastes was based upon
prior EPA work, supplemented extensively by information provided by Commodity Specialists with the U.S
Bureau of Mines. The operators of these facilities then were sent a survey questionnaire (SWMPF Survey)
requesting information on waste generation and management. Survey responses allowed EPA to finalize its
list of the active facilities in the mineral processing sectors of concern, and serve as the primary basis of EPA's
understanding of the current management practices that are applied to special wastes from mineral processing
operations.

Information submitted by industry in response to the SWMPF Survey was supplemented with and
critically evaluated against data obtained from published sources, information collected as part of the damage
case development process, and EPA observations made during waste sampling and other site visits. The
descriptions of waste management practices provided in this report reflect EPA's synthesis of the information
obtained during all of these information collection activities.

Potential and Documented Danger to Human Health and the Environment

Potential Danger to Human Health and the Environment

EPA conducted a facility-specific analysis of the risks associated with each of the 20 mineral
processing wastes. The Agency collected information on the major f:ctors that influence risks from the
management of the special wastes at each of the 91 facilities that ge -rate the wastes, and analyzed this
information to develop conclusions on the potential for toxic constituerts to be released from the waste and
cause human health and environmental impacts. In a limited number of cases, EPA also conducted
quantitative risk modeling to estimate potential danger to human heaith and the environment.

EPA employed a three step approach in this risk assessment, using each step as a means of narrowing
the scope of the analysis to those wastes and facilities that pose the greatest potential risk. First, the Agency
assessed the intrinsic hazard of the wastes by comparing the concentrations of toxic constituents in the wastes
and in leachate from the wastes to screening criteria.’> This step was used to determine which, if any,
constituents of the special wastes may pose risks to human heaith and the environment based on reasonable,
but conservative exposure assumptions. Second, EPA assessed the potential for toxic constituents from the
subject wastes to cause damage at the 91 facilities by evaluating the practices currently used to manage the
wastes and the environmental settings in which the wastes are managed. Using facility-specific information
about special waste management and environmental setting, EPA then evaluated the potential for toxic or
radioactive constituents to be released from the specific waste management units and to migrate to potential
exposure points. Finally, for waste stream/environmental settings combinations at which risk potential
appeared to be the greatest, EPA performed quantitative modeling to estimate the human health and
environmental risks associated with existing waste management practices.

In all steps of the analysis, EPA focused on human health and environmental risks associated with
chronic exposure to potential releases of waste constituents to ground water, surface water, and air. When
possible, however, the Agency did evaluate the potential for large episodic releases of waste constituents (e.g.,
from storm or flood events) to endanger human health or the environment. To analyze risks to human heaith,

5The focus of the screening criteria 1s on toxicity and radioactivity, in addition to a simple determination of cotrosmity. EPA has
sufficient knowledge of the charactenstics of the 20 special mineral processing wastes 1o conclude that none are 1ignitable or reactive.
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the Agency evaluated the cancer and noncancer risks to maximally exposed individuals at each site. To analyze
environmental risks, the Agency evaluated the potential for contaminants to migrate from the waste and
adversely affect aquatic organisms. In addition to risks to human health and aquatic life, EPA also evaluated
the potential for existing waste management practices 10 reduce the quality of water and air resources by
considering the potential for air and water contamination, irrespective of the potential for humans or
ecological receptors to be exposed to the contamination.

Documented Cases of Danger to Human Health or the Environment

Section 8002(p)(4) of RCRA requires that EPAs study of mineral processing wastes examine
"documented cases in which danger to human health or the environment has been proved.” In order to address
this requirement, EPA defined danger to human health and the environment in the following way. First,
danger to human health includes both acute and chronic effects associated with management of mineral
processing wastes. Second, danger to the environment includes: (1) impairment of natural resources; (2)
ecological effects resulting in impairment of the structure or function of natural ecosystems and habitats; and
(3) effects on wildlife resulting in impairment to terrestrial or aquatic species.

The statutory requirement is that EPA examine "proven" cases of danger to human health or the
environment. As a result, EPA developed a "test of proof” to be used for determining if documentation
available on a case proves that danger/damage has occurred. This "test of proof” contains three separate tests;
a case that satisfies one or more of these tests is considered "proven.” The tests are as follows:

1. Scientific_investigation: Damages are found to exist as part of the findings of a
scientific study. Such studies include both extensive formal investigations supporting
litigation or a State enforcement action and the results of technical tests (such as
monitoring of wells). Scientific studies must demonstrate that damages are significant
in terms of impacts on human health or the environment. For example, information
on contamination of a drinking water aquifer must indica - : that contamination levels
exceed drinking water standards.

2. Administrative ruling: Damages are found to exist through a formal administrative
ruling, such as the conclusions of a site report by a field inspector, or through
existence of an enforcement action that cited specific health or environmental
damages.

3. Court decision: Damages are found to exist through the ruling of a court or through
an out-of-court settlement.

EPA has taken care in the course of preparing this evaluation to report only damages that are
relevant to the decisions that will be based upon the Report to Congress (i.c., whether regulation of each of
the special wastes from mineral processing under Subtitle C is appropriate). Consequently, the damage cases
reported here are believed to be attributable (at least in part) to the special study wastes, and are believed to
have resuited from management practices that are currently employed by active facilities in the commodity
sectors of interest.

Existing Federal and State Waste Management Controls

In accordance with the suggestion in RCRA §8002(p), EPA has also examined other applicable federal
and state waste management controls in an effort to minimize duplication.

Federal Controls

EPA’s objective in this analysis was to identify and evaluate the existing regulatory controls over the
management of special mineral processing wastes that have been promulgated by agencies of the federal
government, focusing on programs and requirements established by EPA. This evaluation was performed for
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. Phosphoric acid
-- phosphogypsum
- process wastewater

. Titanium tetrachloride

- chloride process waste solids
. Zinc

- slag from primary processing

All other solid wastes from the processing of ores and minerals were removed from the Mining Waste
Exclusion as of the effective date of the September 1, 1989 or January 23, 1990 final rules (March 1, 1990, or
July 23, 1990 in non-authorized states), and are subject to regulation as hazardous wastes if they exhibit one
or more characteristics of hazardous waste or are otherwise listed as hazardous waste.*

A summary of the important events in the rulemaking process and of the criteria that have been
developed by the Agency to identify the 20 special wastes from mineral processing operations is presented in
Appendix A to the report (contained in Volume III).

Following receipt and analysis of public comment on this report, the Agency will issue the regulatory
determination required by RCRA §3001(b)(3)(C) that will either subject one or more of the 20 special mineral
processing wastes to regulation under Subtitle C as hazardous wastes or conclude that such regulation is
unwarranted. Wastes for which the Exclusion is retained will continue to be subject to regulation under
RCRA Subtitle D as solid wastes. Our assessment of risk in this report has been based on a conservative set
of risk assumptions. If additional regulation of these wastes is determined to be necessary, we would make
such a determination with this in mind.

2.0 RCRA §8002(p) Study Factors

This report addresses the following eight study factors requirc ! by §8002(p) of RCRA for the 20
mineral processing wastes listed above:

1. The sources and volumes of such materials generated per year;

2. Present disposal and utilization practices;

3. Potential danger to human health and the environment from the disposal and
reuse of such materials;

4. Documented cases in which danger to human health or the environment has
been proved,

S Alternatives to current disposal methods;

6. The costs of such alternatives;

The impacts of these alternatives on the use of phosphate rock, uranium ore,
and other natural resources; and

4 Because the requirements of the September 1, 1989 and January 23, 1990 final rules were not imposed pursuant to the
Hazardous and Solid Waste Amendments of 1984, they will not be effective in RCRA authorized states until the state program
amendments are effective. Thus, the rules are effective on March 1, 1990 and July 23, 1990 (for the September 1, 1989 and January
23, 1990 rules, respectively) only in thoee states that do not have final authonzation to operate their own hazardous waste programs 1n
heu of the Federal program. In authonzed states, the rules are not applicable until the state revises its program to adopt equivalent
requirements under state law and receives authorization for these new requirements. (Of course, the requirements will be applicable
as state law if the state law 1s effective pnor to authonzation.) States that have final authorization must revise their programs 1o adopt
equivalent standards regulating non-exempt mineral processing wastes that exhibit hazardous characteristics as hazardous by July 1,
1991 if regulatory changes only are necessary, or by July 1, 1992 if statutory changes are necessary. Once EPA approves the revision,
the state requirements become RCRA Subtitle C requirements in that state.
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8. The current and potential utilization of such materials.

The Agency’s approach in preparing this report was to combine certain study factors for purposes of
analysis and exposition. The resulting discussions, which are found in individual chapters (in Volume I
addressing each of the mineral commodity sectors, are organized in seven sections. The first section provides
a brief overview of the industry, including the types of production processes used and the number and location
of operating facilities that generate one or more mineral processing special wastes. The second section
summarizes information on special waste characteristics, generation, and current management practices (study
factors 1 and 2), while the third section provides a discussion of potential for and documented cases of danger
1o human health or the environment (study factors 3 and 4). The fourth section (as suggested by § 8002(p)
of RCRA, independent of the eight study factors) summarizes applicable federal and state regulatory controls.
The fifth section discusses alternative waste management practices and potential utilization of the wastes (study
factors 5 and 8), while the sixth section discusses costs and impacts of alternative practices (study factors 6 and
7). The seventh and final section summarizes and analyzes the findings of EPA’s evaluation of the above study
factors.

3.0 Methods, Information Sources and Decision Rationale

In preparing this report, EPA has developed facility-specific data and analytical methods that reflect
the complexity of the issues that are addressed herein. The facilities that generate the special study wastes vary
considerably in the types of production operations and waste management techniques that they employ.
Moreover, t0 examine in detail the broad array of study factors mandated by RCRA §8002(p), EPA had to
develop approaches and methods that were sufficiently sophisticated to take into account the special nature
of high volume mineral processing wastes. This section briefly outlines the data sources, methods, and decision
rationale that the Agency employed to respond to the study factors.

3.1 EPA Data Collection Activities

EPAs Office of Solid Waste conducted a number of data collection activities to supplement and
update previous work. The focus of most of these efforts was site-specific. As a consequence, EPA has been
able 10 compile detailed facility- and sector-specific data bases, which the Agency has used extensively to
prepare this report as well as a series of rulemakings which, as discussed above, have clarified the boundaries
of the Mining Waste Exclusion as it applies to mineral processing wastes. The major information-gathering
initiatives are as follows:

. Review of Public Comments
. 1989 National Survey of Solid Wastes from Mineral Processing Facilities (SWMPF
Survey)

. 1989 EPA Mineral Processing Waste Sampling and Analysis
. EPA Damage Case Collection

. EPA Site Visits

. RCRA §3007 Waste Characteristics Data Requests

These activities are described in more detail in Chapter 2 of Volume II, with additional discussion and/or
examples provided in Appendix B, which is contained in Volume IIL

3.2 Analytical Approach and Methods

This section summarizes EPA's approach for addressing each of the study factors.
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1.0 Introduction

In October, 1980, the Resource Conservation and Recovery Act (RCRA) was amended by adding
§3001(b)(3)(A)(ii) to exclude "solid waste from the extraction, beneficiation, and processing of ores and
minerals” from regulation as hazardous waste under Subtitle C of RCRA, pending completion of a study and
a Report to Congress required by §8002(f) and (p) and a determination by the EPA Administrator either to
promulgate regulations under Subtitle C or that such regulations are unwarranted (as required by
§3001(b)(3)(C)). EPA modified its hazardous waste regulations in November 1980 to reflect this "Mining
Waste Exclusion,” and issued a preliminary, and quite broad, interpretation of the scope of its coverage. In
particular, EPA interpreted the exclusion to include "solid waste from the exploration, mining, milling,
smelting and refining of ores and minerals” (45 FR 76618, November 19, 1980).

In 1984, EPA was sued for failing to submit the Report to Congress and make the required regulatory
determination by the statutory deadline (Concerned Citizens of Adamstown v. EPA No. 84-3041, D.D.C., August
21, 1985). In responding to this lawsuit, the Agency explained that it planned to propose a narrower
interpretation of the scope of the Mining Waste Exclusion, so that it would encompass fewer wastes, and
proposed to the Court two schedules: one for completing the §8002 studies of extraction and beneficiation
wastes and submitting the Report to Congress for these wastes, and one for proposing and promulgating a
reinterpretation for mineral processing wastes. In so doing, the Agency, in effect, split the wastes that might
be eligible for exclusion from regulation into two groups: mining (mineral extraction and beneficiation) wastes,
and mineral processing wastes. The Court agreed to this approach and established a schedule for the two
tasks.

On December 31, 1985, EPA published the required Report to C ngress on solid wastes from mineral
extraction and beneficiation,! and on July 3, 1986 (51 ER 24496) publi- -ed a determination that regulation
of such wastes under Subtitle C of RCRA was not warranted. Since the Jetermination was made, the Agency
has been developing a tailored regulatory approach for these materials under the auspices of RCRA
Subtitle D. In May, 1988, EPA issued a staff-level approach for regulating mining wastes (referred to as
"Strawman”) for public comment. More recently, the Agency issued a revised staff-level approach ("Strawman
II") that incorporates comments from and responds to issues raised by the states, environmental groups, and
the regulated community. The Agency is working to develop a formal proposal of a regulatory program for
mineral extraction and beneficiation wastes.

In keeping with its Court-ordered directive to reinterpret the Mining Waste Exclusion for mineral
processing wastes, in October, 1985, EPA proposed to narrow the scope of the Exclusion for mineral
processing wastes to include only a few specific waste streams. However, the Agency did not specify the
criteria that it used to identify these materials, or to distinguish them from other wastes that were not eligible
for the exclusion. In response to this proposal, many companies and industry organizations "nominated” wastes
that they believed were eligible for the regulatory exemption. Faced with an inability at that time to articulate

' U. S. Environmental Protection Agency, 1985. Report to Congress on Wastes from the Extraction and Beneficiation of Metallic
Ores, Phosphate Rock, Asbestos, Overburden from Uranium Mining, and Oil Shale, EPA/530-SW-85-033, Washington, D.C.

Available from the U.S. Department of Commerce, National Technical Information Service, Springfield, VA. NTIS Document No.
PB88-162631.

 The Agency has recently requested comments on Strawman I, inciuding the appropnate scope of the program (i.e., which wastes
should be covered).
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criteria that could be used to distinguish exempt from non-exempt wastes and the approaching Court-ordered
deadline for final action, EPA withdrew its proposal on October 9, 1986.

In response to this action, the Agency was sued again. In July, 1988, the court in Environmential
Defense Fund v. EPA, 852 F.2d 1316 (D. C. Cir. 1988), cert. denied, 109 S. Ct. 1120 (1989) ordered EPA 1o
reinterpret the scope of the Exclusion for mineral processing wastes according to a new schedule. In
particular, EPA was directed by the court to restrict the scope of the Exclusion as it applied to mineral
processing wastes to include only "large volume, low hazard” wastes. In a series of rulemaking notices, EPA
has, during the past two years, established the boundaries of the Mining Waste Exclusion for mineral
processing wastes, and has articulated the criteria that were used to define "mineral processing” and to evaluate
whether individual wastes are large volume and low hazard and, thus, eligible for the temporary exclusion
provided by RCRA §3001(b)(3)(A)(ii). This rulemaking process was completed with the publication of a final
rule on January 23, 1990 (55 FR 2322).3 With the completion of these notices, the Agency established that
the temporary exemption from Subtitle C requirements established by the Exclusion for mineral processing
wastes and, therefore, the scope of this report, is limited to 20 mineral processing wastes generated by 91
facilities located in 29 states, representing 12 mineral commodity sectors. In particular, this report covers the
following wastes:

. Alumina
- red and brown muds from bauxite refining

. Chromium (Sodium chromate/dichromate)

- treated residue from roasting/leaching of chrome ore

. Coal gas
-- gasifier ash from coal gasification

- process wastewater from coal gasification
. Copper
-- slag from primary processing
-- calcium sulfate wastewater treatment plant sludge rom primary
processing
- slag tailings from primary processing

. Elemental phosphorus
= slag from primary production

o Ferrous metals (iron and carbon steel)

-- iron blast furnace air pollution control dust/sludge

- iron blast furnace slag

-- basic oxygen furnace and open hearth furnace air pollution control
dust/sludge

-- basic oxygen furnace and open hearth furnace slag

. Hydrofluoric acid
- fluorogypsum

- process wastewater
. Lead
-- slag from primary processing

. Magnesium
-- process wastewater from primary magnesium processing by the anhydrous process

3 This rulemaking process also included publication of a proposed rule on October 20, 1988 (53 FR 41288), a proposed rule on
Apnl 17, 1989 (54 ER 15316), a final rule on September 1, 1989 ( 54 FR 36592), and a proposed rule on September 25, 1989 (54 FR
39298).
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Chapter 3
Alumina Production

The domestic alumina production (bauxite refining) industry consists of five facilities that, as of
September 1989, were active and reported generating a special waste from mineral processing: red and brown
muds from bauxite refining. The information included in this chapter is provided in additional detail in the
supporting public docket for this report.

3.1  Industry Overview

Bauxite refineries produce alumina (Al,O,), which is used primarily as a feedstock for the aluminum
reduction industry. Four of the facilities are operated by major aluminum producers, two by Alcoa, and one
each by Reynolds and Kaiser. The fifth facility is operated by Ormet, which produced only about 1 percent
of the total reported 1988 alumina production. Kaiser Aluminum is ultimately owned by MAXXAM Inc. of
Los Angeles;! Ormet, owned by Ohio River Associates in 1988, is currently owned by Oralco Management
Services Inc.

The dates of initial operation for these five facilities range from 1952 to 1959, with the individual
plants having an average age of approximately 33 years. All of the facilities have undergone modernization,
with the first in 1965 and the latest in 1986.2 The locations and ore sources of the five facilities are presented
in Exhibit 3-1. Total annual production capacity for the domestic bauxite refining industry, as reported by the
facilities, is approximately 4,900,000 metric tons. For the five facilities, the 1988 average capacity utilization
rate was 83.5 percent. Excluding the Ormet facility with an 8.9 percent 1988 annual capacity utilization rate,
the rgte for the sector is 91.7 percent. The total reported 1988 production of alumina was 4,086,000 metric
tons.

Strong demand for primary aluminum and elevated aluminum pnices have led to steadily increasing
consumption of domestic and imported bauxite and continued increases in alumina production in the U.S.
since 1986.* In order to meet the growing demand for alumina, bauxite refineries have averaged over 90
percent capacity utilization over the past two years. Recently, expansion in bauxite refining capacity has been
focused outside of the U.S. It is likely that this trend will continue in the future, with major capacity additions
likely to occur in Canada and the Middle East.® In addition, new plants using new technology may have to
be built to produce alumina from the numerous non-bauxitic materials, including clay, coal waste, and oil
shales, that are good potential sources of alumina.’ Development of such technology would reduce U.S.
dependencs on bauxite imports, which comprised approximately 95 percent of the total 1989 U.S. consumption
of bauxite.

L MAXXAM Inc. is the parent of MAXXAM Group, Inc., which owns Kaiser Tech Limited, the immediate owner of Kaiser Aluminum
and Chemical Corporation.

% Alcoa, Kaiser, Ormet, and Reynoids, 1989. Company responses to "National Survey of Solid Wastes from Mineral Processing
Facilities,” 1989.

3 Ibid.

* Luke H. Baumgardner, U.S. Bureau of Mines, "Bauxite,” Mineral Commodity Summaries, 1989 Ed., p. 23.

5 John W. Moberty, "Aluminum: Capacity Rise Stabilizes Price; 121st Annual Survey and Outlook,” E&MJ, March 1990, p. 41.
¢ Patricia A. Plunkert, U.S. Bureau of Mines, "Bauxite,” Mineral Commodity Summaries, 1990 Ed., p. 29.

7 Ibd, p. 28.
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Exhibit 3-1
Bauxite Refineries®

Owner Location Ore Source (1982)
ALCOA Bauxite, ARY U.S. (Bauxite, AR}
ALCOA Point Comfort, TX (Confidential)
Kaiser Gramercy, LA Jamaica'®
ORMET Burnside, LA Sierra Leone, Brazil, Guyana'®
Reynolds Gregory, TX Austrailia, Jamaice, Brazil, Guinea'®
(a) According to BOM sources, VIALCO, an affiliate of Oralco Management Services Inc., plans to restart operation of its
Alumina plant at St. Croix, U.S. Virgin Islands.
(b) According to BOM sources, Aicoa announced the permanent closure of its Bauxite, AR, plants on June 7, 1890.
(c) Environmental Protection Agency, 1984. Overview of Solid Waste Generation, Management, and Chemical Charactenstics

in the Bauxite Refining and Primary Aluminum Industry. Prepared by Radian Corporation for U.S. EPA, Office of Solid
Waste, Washington, D.C., November 1984,

(d) Kaiser, 1988. Personal communication with Kaiser representatives.

(e) Bureau of Mines commodity specialist, June 27, 1990.

The production of alumina from bauxite ore generally follows five steps, as shown in Exhibit 328
First, the bauxite ore is crushed and screened, and then mixed with a caustic alkaline solution (NaOH). The
slurried ore is then routed to digesters, where the aluminum is heated and solubilized as sodium aluminate
(NayAl,0,). In the third step, the solution is cooled (from nearly 500°F to about 200°F) and purified. Sand
(particles above 100 microns) is removed in a settling tank or cyclone anc .ent to disposal. Iron oxide, silica,
and other undigested portions of the ore (i.e., the special waste, know collectively as red mud) are also
removed in settling, thickening, and filtration units, and sent to treatment and disposal units. The fourth
refining step is the precipitation of the cooled and purified aluminum hydroxide using sodium hydroxide seed
crystals. The precipitate is filtered, then concentrated by evaporation; the resulting intermediate product is
a hydroxide filter cake. The fifth and final step is the calcination of the hydroxide filter cake to produce
anhydrous alumina. If hydrate is the desired final product, the hydroxide filter cake may be dried at lower
temperatures than those employed for calcining.

3.2 Waste Characteristics, Generation, and Current Management Practices

Red and brown muds are precipitated from a caustic suspension of sodium aluminate in a slurry and
routed to large on-site surface impoundments known as red and brown mud lakes. In these lakes, the red and
brown muds settle to the bottom and the water is removed, treated, and either discharged or reused. The
muds are not removed, but are accumulated and disposed in place. The muds dry to a solid with a very fine
particle size (sometimes less than 1 um).

8 Environmental Protection Agency, 1984. Overview of Solid Waste Generation, Management, and Chemical Charactenstics in the
Bauxite Refining and Primary Aluminum Industry. Prepared by Radian Corporation for U.S. EPA, Office of Solid Waste, Washington,
D.C., November 1984.



Chapter 3: Alumina Production  3-3

Exhibit 3-2
Alumina Production

h d
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[: Production Operation O Special Waste O Waste Monagement Unit

Red muds from bauxite refining are generated at four facilities®. The fifth facility, Alcoa in Bauxite,
Arkansas, generates a residual that is different in color and is comm aly called brown mud. The only
difference in the operations generating the two varieties of mud is that rec muds at Alcoa/Bauxite are sintered
and leached to recover additional sodium aluminate, which changes the color of the material but does not
substantially change the chemical characteristics of the waste. Therefore, for purposes of this report, the waste
generated at all five facilities, including the brown muds, will be referred to as red muds.

Red muds contain significant amounts of iron (20 to SO percent), aluminum (20 to 30 percent), silicon
(10 to 20 percent), calcium (10 to 30 percent), and sodium (10 to 20 percent). Red muds may also contain
trace amounts of elements such as barium, boron, cadmium, chromium, cobalt, gallium, vanadium, scandium,
and lead, as well as radionuclides. The types and concentrations of minerals present in the muds depend on
the composition of the ore and the operating conditions in the digesters.

Using available data on the composition of red muds, EPA evaluated whether this waste exhibits any
of the four hazardous waste characteristics: corrosivity, reactivity, ignitability, and extraction procedure (EP)
toxicity. Data are available on the concentrations of all eight inorganic EP constituents in four samples of red
muds from three of the five facilities of interest. Based on available information and professional judgment,
EPA does not believe that red muds exhibit any of the characteristics of hazardous waste. In fact, the
concentrations of all EP constituents (except selenium) in the leachate are at least two orders of magnitude
below the EP regulatory levels; the maximum concentration of selenium in the EP extract is approximately
0.3 times the EP regulatory level.

% In the April 17, 1989 proposal to reinterpret the scope of the mining waste exclusion, EPA indicated that it "considers pisolites to
be a component of red muds” (54 FR 15335). In the final rule (see 54 FR 36592, September 1, 1989), however, the scope of beneficiation
activities was revised such that pisolites are considered 2 waste from beneficiation rather than processing. Consequently, pisolites are not
within the scope of this report.
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Non-confidential waste generation rate data were reported for red muds by all five bauxite refining
facilities. The aggregate industry-wide generation of red mud wastes by the five facilities was approximately
2.8 million metric tons in 1988, yielding a facility average of nearly 564,000 metric tons per year. Reported
annual generation rates ranged from 26,000 to 1.2 million metric tons per facility, though the faciliry
generating the least waste, Ormet/Burnside, produced very little alumina, accounting for only about 1 percent
of domestic production. The next lowest reported annual generation rate was 190,000 metric tons. The sector-
wide waste-to-product ratio was 0.69 in 1988; waste-to-product ratios for individual facilities ranged from 0.40
to 1.05.

The impoundments that receive the muds typically have a surface area of between 44.6 and 105.3
hectares (110 and 260 acres), although one impoundment is 10.1 hectares and another is almost 1,300 hectares.
The depth of the impoundments range from 1 to 16 meters (3 to 52 feet), with an impoundment average of
7 meters. As of 1988, the quantity of muds accumulated on-site at the 5 facilities ranged from 500,000 to 22
million metric tons per facility, with an average of 9.7 million metric tons per facility.

3.3 Potential and Documented Danger to Human Health and the Environment

This section addresses two of the study factors required by §8002(p) of RCRA: (1) potential danger
(i.e., risk) to human health and the environment: and (2) documented cases in which danger to human health
or the environment has been proved. Overall findings regarding the hazards associated with red muds are
provided after these two study factors are discussed.

3.3.1 Risks Associated with Red Muds

Any potential danger to human health and the environment from red muds depends on the presence
of toxic constituents in the muds that may pose a risk and the potential for exposure to these constituents.

Constituents of Potential Concern

EPA identified chemical constituents in red muds that may pose a risk by collecting data on the
composition of the waste and evaluating the intrinsic hazard of the mud’s chemical constituents.

Data on Red Mud Composition

Data on the composition of red muds are available from industry responses to a RCRA §3007 request
in 1989, a 1985 sampling and analysis effort by EPA's Office of Solid Waste (OSW),1? and a 1982 study by
EPAs Office of Radiation Programs (ORP).1! These data identify the concentrations of 13 metals, 7
radionuclides, and 5 anions (fluoride, phosphate, chloride, nitrate, and sulfate) in the mud solids and/or
leachate from all S facilities that currently generate the muds. Data are only available from EP (not SPLP)
leach tests.

Although the data from most of these sources and facilities are generally consistent, there is
considerable variability for several constituents. Specifically, reported concentrations of arsenic, chromium,
copper, iron, manganese, selenium, and zinc in the mud solids vary by an order of magnitude across facilities,
with the concentrations usually being lowest at one facility (which requested that its concentration data be
treated as confidential). Similarly, reported concentrations of chromium, fluoride, selenium, and chloride in
the mud leachate also vary by an order of magnitude across facilities.

19 Environmental Protection Agency, 1985. Overview of Solid Waste Generation, Management, and Chemical Characteristics in the
Bauxite Refining and Primary Aluminum Reduction Industries, Office of Solid Waste, p. B-1 and B-2.

1! Environmental Protection Agency, 1982. Emissions of Natwurallv Occurring Radioactivity from Aluminum and Copper Facilities,
Office of Radiation Programs, Las Vegas Facility, NV, p. 8.
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As noted above in Section 3.2, the available data indicate that red muds do not exhibit any of the four
characteristics of hazardous waste. Nevertheless, EPA further evaluated the potential for red muds to pose
a danger to human heaith or the environment, as described below.

Process for Identifying Constituents of Potential Concern

As discussed in detail in Section 2.2.2, the Agency evaluated the red muds data to determine if the
mud or mud leachate contain any constituents that could pose an intrinsic hazard, and to narrow the focus
of the risk assessment. The Agency performed this evaluation by first comparing the concentrations of each
constituent to screening criteria and then by evaluating the environmental persistence and mobility of any
constituents present in concentrations that exceed the criteria. These screening criteria were developed using
assumed scenarios that are likely to overestimate the extent to which red mud constituents are released to the
environment and migrate to possible exposure points. As a result, this process identifies and eliminates from
further consideration those constituents that clearly do not pose a risk.

The Agency used three categories of screening criteria that reflect the potential for hazards to human
health, aquatic organisms, and water resources (see Exhibit 2-3). Given the conservative (i.e., overly
protective) nature of these screening criteria, contaminant concentrations in excess of the criteria should not,
in isolation, be interpreted as proof of the hazard. Instead, exceedances of the criteria indicate the need to
evaluate the potential hazards of the waste in greater detail.

Identified Constituents of Potential Concern

Of the 25 constituents analyzed in mud solids, only 3 were determined to be present in the muds in
concentrations that exceed the screening criteria.

. Arsenic concentrations in one out of two samples collected from two facilities exceed
the chronic ingestion and inhalation screening criteria, by 2 factor of four. Exceedance
of the ingestion criterion suggests that arsenic could pose 1 cancer risk of greater than
1079 if the muds are incidentally ingested on a routine bas:s (which could only occur if
access to mud impoundments after closure is not restricted and people come into direct
contact with the dried muds). Exceedance of the inhalation criterion suggests that, if
dust from the muds is blown into the air in a concentration that equals the maximum
allowable limit (the National Ambient Air Quality Standard) for paruculate matter,
chronic inhalation of arsenic could pose a cancer risk greater than 107, As discussed
in the next section, such large exposures to windblown dust are generally not expected.

. Chromium concentrations in both samples (one each from two facilities) exceed the
chronic inhalation screening criterion by as much as a factor of 22. This suggests that
if dust from the muds is blown into the air in a concentration that equais the National
Ambient Air Quality Standard for paruculate matter, chronic inbalation of chromium
could cause a cancer risk exceeding 105, Again, EPA generally does not expect such
large exposures, as explained in the next section.

i Radium-226 concentrations in the mud solids exceed the radiation protection screening
criterion by a factor of 1.3. This suggests that red muds could pose a slight radiation
risk if they are used in an unrestricted manner (e.g., direct radiation and radon
exposures if people were allowed to build homes on the closed impoundment areas).
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In addition to these three constituents, the alkaline nature (i.e., high pH) of the muds will limit plant
growth on the dried, closed impoundments. Data from EPAs Office of Water show that the supernatant
removed from the red mud impoundments has a pH of roughly 11.6.12 The residual alkati content of the
muds that are left in the impoundments makes it difficult to use these impoundment areas for agricultural
production.!®:

Of the 18 constituents analyzed in leachate from red muds, only two constituents are present in
concentrations that exceed the initial screening criteria. Arsenic concentrations in the leachate exceed the
health screening criterion in two out of four samples (from two out of three facilities). The maximum
recorded arsenic concentration exceeded the screening criterion by only a factor of three. This suggests that,
if the leachate is released to ground water and diluted by only a factor of 10, the resulting concentration of
arsenic may pose a cancer risk exceeding 107 if ingested. The concentration of selenium in the leachate
exceeds the water resource damage criterion in one out of four samples (from one out of three facilities). The
one high selenium concentration exceeds the criterion by only a factor of three. This suggests that, if the
leachate is released to ground water and diluted by a factor of 10 or less, the downgradient concentrations of
selenium may exceed the drinking water maximum contaminant level (MCL) for that constituent. While these
concentrations of arsenic and selenium exceed the conservative screening criteria, they do not exceed the EP
toxicity regulatory levels.

These exceedances of the screening criteria, by themselves, do not demonstrate that the muds pose
a significant risk, but rather indicate that the muds could pose a risk under a very conservative, hypothetical
set of release, transport, and exposure conditions. To determine the potential for the muds to cause significant
impacts, EPA proceeded 10 the next step of the risk assessment to analyze the actual conditions that exist at
the facilities that generate and manage the waste.

Release, Transport, and Exposure Potential

This analysis considers the baseline hazards of red muds as they a. : managed in impoundments at the
five bauxite refining facilities. It does not assess the hazards of off-site u.c or disposal of the muds because
the muds are currently managed only on-site and are not likely to be managed off-site in the near future. In
addition, the following analysis does not consider the risks associated with variations in waste management
practices or potentially exposed populations in the future because of a lack of data on future conditions.
Alternative practices for the management of the muds are discussed in Section 3.5.

Ground-Water Release, Transport, and Exposure Potential

During the operating phase of the red mud lakes, the muds are usually submerged beneath a liquid
that can serve as a leaching medium, potentially transporting contaminants to underlying ground water. After
the lakes are closed, the liquids are evaporated or removed, and the potential for leaching becomes highly
dependent on the extent to which precipitation infiltrates through the mud and into the ground. Based on
the leach test data analyzed above, arsenic and selenium are the constituents in red muds that are most likely
1o leach from the muds in concentrations that exceed the screening criteria. Both arsenic and selenium are
persistent and relatively mobile in ground water, and therefore are capable of migrating readily if released.

The potential for leachate from the muds to be released to ground water and cause impacts through
that pathway varies according to site-specific conditions, as summarized below:

. At the Burnside, LA facility, the mud impoundment is underlain by recompacted local
clay. Ground water is very shallow (only 2 meters below the land surface) and the base

L Environmental Protection Agency, 1984. Development Document for Effluent Limitations Guidelines and Standards, Office of Water,
p. 56.

1WA Anderson and W.E. Haupin, 1978. Bauxite Refining, Aluminum Company of America, Kirk-Othmer Encyclopedia of Chemical
Technology, John Wiley and Sons, NY, p. 142.
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of the impoundment extends below the water table. The uppermost useable aquifer,
however, appears to be separated from the base of the impoundment by a distance of
roughly 30 meters. The nearest drinking water well appears to be located 90 meters
downgradient.

. The conditions at the Gramercy, LA facility are similar to those at the Burnside facility.
The only differences are that the impoundments at Gramercy are equipped with a
leachate collection system and the mnearest drinking water well at Gramercy is farther
away, approximately 800 meters downgradient. As discussed in the damage case section
of this chapter, elevated concentrations of chloride have been detected in ground water
beneath the impoundments. However, the muds do not appear to be an important
contributor to this contamination because, based on the Agency’s leach test analyses,
chloride is a minor constituent of the mud leachate (the maximum chloride con-
centration measured in the mud leachate was less than one-quarter of the conservative
screening criterion).

. The impoundment at the Bauxite, AR facility is underlain by in-situ clay and is
equipped with a leachate collection system and bentonite slurry walls. The base of the
impoundment appears to be separated from shallow ground water by 15 meters and the
uppermost useable aquifer by roughly 30 meters. The earth material separating the
impoundment from this useable aquifer is an igneous rock. Ground water in the area
of the site is used as a rural domestic water supply, and the nearest drinking water well
appears to be located 300 meters downgradient.

. At the Point Comfort, TX facility, the mud impoundment is underlain by in-situ clay,
but is not equipped with any other controls. Because the impoundment is 16 meters
deep and shallow ground water exists at a depth of 5 meters, the base of the im-
poundment extends below the water table. The uppermost useabie aquifer, however, is
over 400 meters below the land surface. This deep aquifer is used as a municipal and
commercial/industrial water supply, and the nearest drink ng water well appears to be
located 1,300 meters downgradient.

. The impoundments at the Gregory, TX facility are underlain by in-situ clay. As for
most of the other sites, ground water is shallow and the base of the impoundment
extends below the water table. Neither the shallow ground water nor water at greater
depths, however, is used for water supply purposes, according to facility personnel.

In summary, laboratory leaching tests show that arsenic and selepium may leach from red muds in
concentrations that exceed the screening criteria. Concentrations of these and other constituents under field
conditions are, however, expected to be lower due to the alkaline nature of the waste. While the potential
for release of constituents to ground water is limited by some type of management controls employed at each
site, the bases of most impoundments do extend into the saturated zone and shallow ground-water
contamination is therefore possible. However, downward migration of this contamination to useable aquifers
is less likely, especially at the Bauxite and Point Comfort facilities, because of hydrogeological conditions.
Considering the low concentrations of contaminants in the leachate and the potential locations of drinking
water wells near these facilities, the concentrations of any contaminants that migrate into the deeper useable
aquifers at the five facilities is expected to be below levels of concern at existing downgradient exposure points.

Surface Water Release, Transport, and Exposure Potential

Constituents of potential concern in the red muds could, in theory, enter surface waters by migration
of leachate through ground water that discharges to surface water, or by direct overland (storm water) run-off
of dissolved or suspended constituents. As discussed above, only arsenic and selenium are expected to leach
from the muds in concentrations above the screening criteria, but even these concentrations are relatively low
and are likely to be diluted below levels of concern in all but very small streams. There were no constituents
detected in the mud leachate in concentrations that appeared to present a potential threat to aquatic
organisms; the arsenic and selenium concentrations are of possible concern from only a health risk standpoint.
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The high alkalinity of the muds, however, could result in leaching of alkaline water. If the receiving water 1s
not well-buffered, its pH could exceed levels that are protective of aquatic life. Alkaline water also can have
low resource value due to its corrosive properties.

The potential for mud contaminants to migrate into surface water and cause impacts is site-specific,
based on a number of factors as summarized below:

. At the Burnside facility in Louisiana, the red mud impoundment is equipped with run-
on/run-off controls to limit the direct overland flow of mud contaminants, but there are
no controls (e.g., liner, leachate collection system, or slurry wall) to prevent con-
taminants from seeping into surface water via ground water. The facility is only 15
meters from the Panama Canal which feeds into the Blind River. While the Blind River
has a moderate to large dilution capacity (the annual average flow is 302 mgd), the
Panama Canal’s flow is small and cannot readily assimilate large contaminant loads. As
discussed in the damage case section of this report, excess process water that has
accumulated in red mud impoundments at the site during heavy rainfall events has been
discharged to the canal, resulting in high pH excursions. These discharges have
occurred only in emergency situations, and the pH excursions appear to be caused by
the supernatant liquid discharged from the impoundments, not the muds themselves.

. At the Point Comfort facility in Texas, the on-site impoundment is equipped with run-
on/run-off controls, but there are no controls to limit seepage of contaminants via
ground water. The facility is located only 15 meters from Lavaca Bay, which contains
saltwater. Water in the bay is not used for human consumption, but is withdrawn at a
point 270 meters downstream and used for livestock watering.

. On-site impoundments at the Gramercy Works in Louisiana are equipped with run-
on/run-off controls and a leachate collection system. The facility is located roughly 110
meters from the Blind River, which has a moderate to large dilution capacity (it is the
same river that is near the Burnside facility). Water is - “thdrawn from the river for
human consumption at a point 4,900 meters downstrean. but water is not withdrawn
for any other uses within 24 km (15 miles).

. The impoundment at the facility in Gregory, Texas is equipped with run-on/run-off
controls. The facility is located roughly 60 meters from the Corpus Christi Bay, which
contains saltwater that is not used for drinking or any other consumptive use within 24
km (15 miles).

. At the facility in Bauxite, Arkansas, the impoundment is equipped with run-on/run-off

controls, a leachate collection system, and a bentonite slurry wall. The facility is located
about 300 meters from Hurricane Creek, which has a moderate dilution capacity (its
annual average flow is 80 mgd). Water is withdrawn from this creek for human
consumption at a point 7 km downstream, but water is not withdrawn for any other uses
within 24 km (15 miles).

In summary, the potential for direct overland flow of red mud contaminants to surface water is limited
at all five facilities by the use of run-on/run-off controls. Migration into surface water via ground-water
seepage, however, may occur at three facilities (at Burnside, Point Comfort, and Gregory) that are close to
surface water bodies and do not employ any measures to control leachate migration. (The potential for
ground-water contamination to seep into surface water at the other facilities is smaller because of the use of
leachate migration controls and the greater distance to surface waters.) Because of the distances to drinking
water intakes, the moderate to high flows of the nearby water bodies, and the low concentrations of
contaminants expected in the mud leachate, any surface water contamtnation at the three facilities caused by
the muds would probably not pose a health threat. In addition, any migration of mud contaminants into
surface water is not likely to pose an ecological threat at any facility because, based on the Agency’s leach
tests, contaminants do not appear to leach from the muds in concentrations that are potentially harmful to
aquatic organisms. While the pH of the leachate could be high, pH excursions in surface waters are more
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likely to be caused by periodic direct discharges, not the low-level chronic ioads that are expected through
ground-water discharges.

Air Release, Transport, and Exposure Potential

Because all of the constituents of potential concern are nonvolatile inorganics, red mud contaminants
can only be released to air in the form of windblown dust. During the operating phase of the impoundments,
the potential for dusting from the muds is virtually non-existent because the muds are submerged beneath
liquids. When the impoundments are closed and the muds have dried, there is a potential for particles of the
mud to be released to air (none of the facilities practice any dust suppression/control measures). This is
especially true at the facilities in arid areas (Gregory and Point Comfort, Texas) where the muds are less likely
to remain moist due to precipitation. The muds dry to a very fine particle size (sometimes less than 1
micrometer) which is highly susceptible to wind erosion. Based on sample analyses of the muds, the only
constituents that could pose a threat through the inhalation pathway are arsenic and chromium, and this would
only be a threat if dust particles are released from dried impoundments in a high concentration (that equals
or exceeds the National Ambient Air Quality Standard for particulate matter). The nearest residence at the
Gregory facility is 120 meters away, and the nearest residence at the Point Comfort facility is roughly 400
meters away. Considering these distances and the relatively low concentration of contaminants in the muds,
airborne concentrations of arsenic and chromium at the existing residences closest to these facilities are likely
to be below levels of concern. Dust could be a problem at these facilities, however, if people were allowed
to come into close contact with the muds after closure.

Proximity to Sensitive Environments

None of the bauxite refining facilities within the scope of this analysis are located in or within one
mile of karst terrane, a fault zone, the habitat of an endangered species, a National Park, a National Forest,
or a National Wildlife refuge. In addition, none of the facilities are lc:ated in a wetland, although two
facilities are located within one mile of wetlands.

Risk Modeling

Based upon the evaluation of intrinsic hazard and the analysis of factors that influence risk presented
above, and upon a comprehensive review of information on documented damage cases (presented in the next
section), EPA has concluded that the potential for red muds to impose significant risk to human health or the
environment if managed according to current practice is low. Therefore, the Agency has not conducted a
quantitative risk modeling exercise for this waste. (See sections 3.3.3 and 3.7 below for further discussion.)

3.3.2 Damage Cases

State and EPA regional files were reviewed in an effort to document the performance of waste
management practices for red muds from bauxite refining at the five active facilities and at one inactive bauxite
facility.!* The inactive facility was the Alcoa plant in Bayden, North Carolina. The file reviews were
combined with interviews with State and EPA regional regulatory staff. Through these case studies, EPA
found documented environmental damages associated with red mud discharges to surface water at one facility:
Ormet in Burnside, Louisiana. EPA also found evidence of ground-water contamination at the Gramercy,
Louisilasna facility, but this appears to be associated with brine muds that are not within the scope of this
study.

" Facilities are considered inactive for purposes of this report if they are not currently engaged in primary mineral processing.

13 This facility generates brine muds that result from the purification of raw brine (solution mined from Sorrento, Louisiana salt domes)
for use in the production of caustic and chiorine.
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Ormet in Burnside, Louisiana

Ormet Corporation’s Aluminum plant is located south of Baton Rouge in Burnside, on LA
Highway 22. The facility is situated near the Mississippi River. The processing unit generating red muds has
been operauonal since 1958.16

The facility contains four red mud lakes, referred to as Nos. 1, 2, 3, and 4. These impoundments have
a combined surface area of 85 hectares (210 acres).!’ Impoundments Nos. 1 and 2 have been inactive since
1984. Impoundment 4 is the most recently constructed of the 4 pits.!®

During heavy rainfall events when excess water has accumulated in closed red mud impoundments
1 and 2, Ormet has discharged to a tributary of the "Panama Canal" on an emergency basis.!®?® The
Panama Canal flows from east to west along the northern boundary of the facility, through residential areas,
and is a source of domestic water in some cases.?*

Discharge of excess waters has resulted in high pH excursions in some cases. For example, excess
water was discharged to the Panama Canal between May 23 and May 27, 1983. Due to improper operation
of the neutralization station, combined with communications problems, high pH excursions were not detected
until after the discharge event. The excessive pH levels ranged from 9.4 to 10.2 for 4.5 hours on May 23, 1983,
and from 9.7 to 9.8 for 7.5 hours on May 24, 1983.3

Ormet has stated that "the Panama Canal cannot readily assimilate the discharge of excess rainwater
from the Red Mud Impoundments.” Ormet goes on to state that "flow in the Panama Canal stops on some
occasions, and on others actually flows backward because of wind or tidal action.”® The Louisiana
Department of Environmental Quality (LADEQ) raised concern over the impact of these discharges on the
Panama Canal, and requested that Ormet look into the option of discharging to the Mississippi River.®
The emergency discharges to the Panama Canal have imparted a red color to the canal water, resulting in
complaints from local residents.?8%?7 Investigation into this phenome >n led LADEQ to conclude that

16 Ormet. 1989. National Survey on Solid Wastes from Mineral Processing Facilities (File # 347). 4/5/89.
17 M‘
18 EPA Region 6. 1984. Potential Hazardous Waste Site - Site Inspection Report. 9/5/84.

Y Ormet. 1983. Letter from F.G. Sikes to 1) M.O. Knudson, EPA Region 6 Water Management Division; and 2) J.D. Givens,
LADNR Water Pollution Control Division, Re: None (pH excursions on 5/23 and 5/24/83). 6/2/83.

® Ormet. 1985. Letter from F.G. Sikes to G. Aydell, Office of Water Resources, LADEQ, Re: None (Ormet’s progress toward
ameliorating conditions in Panama Canal). 12/20/8S.

2 Ormet. 1971. Map of Waste Water Discharge into Panama Canal, Burnside, LA. 5/11/71.

Z Ormet. 1986. Letter from F.D. Sikes 10 K Huffman, EPA Region 6 Industrial Permits Section, Re: NPDES Permit No.
LA0005606. 6/9/86.

B Ormet. 1983. Letter from F.G. Sikes to 1) M.O. Knudson, EPA Region 6 Water Management Division; and 2) J.D. Givens,
LADNR Water Pollution Control Division, Re: None (pH excursions on 5/23 and 5/24/83). 6/2/83.

% Ormet. 1986. Letter from F.D. Sikes to K. Huffman, EPA Region 6 Industrial Permits Section, Re: NPDES Permit No.
LA0005606. 6/9/86.

B Ormet. 1985. Letter from F.G. Sikes to G. Aydell, Office of Water Resources, LADEQ, Re: None (Ormet's progress toward
ameliorating conditions in Panama Canal). 12/20/85.

% Louisiana Department of Natural Resources. 1985. Division of Water Pollution Control Complaint Form, Re: Discharges from
Ormet Corp. 2/8/85.

7 Ormet. 1986. Letter from F.D. Sikes 1o K Huffman, EPA Region 6 Industrial Permits Section, Re: NPDES Permit No.
L.A0005606. 6/9/86.
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the problem was primarily aesthetic, and no formal action was taken.”® However, LADEQ did contact
Ormet about "ameliorating the conditions in the Panama Canal."%’

In 1987, LADEQ’s Ground Water Protection Division expressed concern that Ormet’s proposal to
close the red mud impoundments in their present condition would allow production of leachate and possible
ground-water contamination. LADEQ aiso suggested continued ground-water monitoring as a part of
closure.3® Ground-water monitoring data were not found in the documents reviewed.

3.3.3 Findings Concerning the Hazards of Red muds

Potential danger from red muds is low primarily because the intrinsic hazard of the waste due to the
presence of toxic constituents is relatively low. Specifically, the waste does not exhibit any characteristics of
hazardous waste (see 40 CFR 261) and only arsenic and chromium are present in sufficient concentrations in
the mud solids that could conceivably pose a cancer risk greater than 10 under conservative ("worst case")
exposure scenarios (i.e., routine incidental ingestion of the muds, inhalation of airborne particulate
concentrations at the National Ambient Air Quality Standard). The radium-226 concentration is
approximately equal to EPAs standard for the cleanup of inactive uranium mill tailings sites, indicating a
minor potential for radiation risk if the material were used in home construction (which it is not), or if the
mud lakes after closure are allowed to be used in an unrestricted manner. Given curreat management
practices, these exposure scenarios are unlikely. After closure, however, direct access to the muds should be
restricted and dust could be a problem at some facilities due to the small particle size of the material and the
relatively arid setting of some facilities.

Available laboratory (EP) leachate data indicate that only arsenic (in two out of four samples from
two out of three facilities sampled) and selenium (in one sample) are present in leachate from the muds at
concentrations that exceed the conservative screening criteria by a marrow margin (a factor of three).
Qualitative review of the potential for transport and exposure in ground and surface water indicates that the
potential exists at several facilities for mud contaminants to migrate ir > the environment; however, the
migration is not expected to cause significant health or environmental im >acts for the reasons stated above.
In addition, it is likely that actual leachate concentrations are lower than the laboratory leachate considered
here because the EP leaching procedure may overestimate leachate concentrations due to the use of an acidic
leaching solution for what is a very alkaline waste material.

The finding that the potential for danger to health and the environment is generally low is consistent
with the fact that only very limited documented damages were identified. No documented damages to ground
water associated with red muds were identified. At one facility, emergency surface water discharges with a
pH > 9 from red mud lakes have occurred as the result of a storm event.

3 | ouisiana Department of Environmental Quality (LADEQ). 1985. Letter from P.L. Norton, Office of Water Resources, to W.A.
Fontenot, LA Dept. of Justice, Lands and Natural Resources Division, Re: None (Red water complaint in the Panama Canal). 3/28/85.

®LADEQ. 1985. Letter from G.R. Aydell, Office of Water Resources, to F.G. Sikes, Ormet Corp., Re: None (red color imparted
to Panama Canal). 6/27/85.

¥ | ADEQ. 1987. Office of Solid and Hazardous Waste, Memorandum from G.H. Cramer to P. Miller, Solid Waste Division, Re:
Comments Concerning Ormet Closure GD-005-1484, Ascension Pansh. 10/28/87.
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3.4 Existing Federal and State Waste Management Controls

3.4.1 Federal Regulation

Under the Clean Water Act, EPA has the responsibility for setting "effluent limitations,” based on
the performance capability of treatment technologies. These "technology based limitations" which provide the
basis for minimum requirements of NPDES permits, must be established for various classes of industrial
discharges, which include a number of ore processing categories.

Permits for mineral processing facilities may require compliance with effluent guidelines based on best
practicabie control technology currently available (BPT) or best available technology economically achievable
(BAT). BPT and BAT requirements for bauxite refining specify that there shall be no discharge of process
wastewater poliutants to navigable waters (40 CFR 421.10-16), except that discharge is permitted in months
in which precipitation exceeds evaporation. Wastewater quality limits for such discharges are not established
by the regulations. In the case of States which have not been delegated authority by EPA to manage the
NPDES program, such as Texas and Louisiana, EPA includes permit limits necessary to achieve State water
quality standards for the effluent discharges.

EPA is unaware of any other specific Federal management control or pollutant release requirements
that apply specifically to bauxite red mud wastes.

3.4.2 State Regulation

The five facilities in the alumina sector are located in Arkansas, Louisiana, and Texas. Two of these
states, Louisiana and Texas, were chosen for regulatory review for the purposes of this report (see Chapter 2
for a discussion of the methodology used to select states for detailed regulatory study). Both of the study
states exclude mineral processing wastes from hazardous waste regulatic-. classify red muds from alumina
production as industrial solid wastes, and have air quality regulations c standards that apply to red mud
management and disposal activities.

Of the two study states, Louisiana appears to be most comprehensive in its coverage of red muds from
alumina production. Although no requirements have been drafted specifically for red mud impoundments,
facility owner/operators must comply with general solid waste disposal provisions for soils (e.g., stability,
permeability), hydrologic characteristics, precipitation run-on and run-off, location standards, security, safety,
and waste characterization. Moreover, both alumina facilities in Louisiana maintain surface impoundment
permits for their red mud impoundments, and must meet general industrial waste surface impoundment
requirements such as run-on controls, liner requirements, design standards (e.g., to prevent overtopping and
minimize erosion), waste characterization, and ground-water monitoring requirements. Surface impoundments
must be dewatered and clean-closed (i.e., all residuals removed) or closed according to solid waste landfill
closure provisions. Louisiana also requires that owners/operators of all industrial solid waste landfills and
surface impoundments maintain financial responsibility for the closure and post-closure care of those waste
units. Although Louisiana does not have an approved NPDES program, the state does require state permits
for the discharge of leachate or run-off to surface waters. Finally, Louisiana air regulations require that its
alumina processing facilities manage their wastes in a manner necessary to minimize fugitive dust emissions.

As with Louisiana, Texas classifies mineral processing wastes, including red muds from the production
of alumina, as industrial solid wastes. Because both alumina facilities in Texas dispose of their wastes on
property that is both within 50 miles of the respective facility and controlled by the facility owner/operator,
the state has not required either facility to obtain a solid waste disposal permit. Both facilities have notified
the state of their waste disposal activities. Facilities discharging to surface water must obtain both Federal
NPDES and Texas water quality permits. According to Texas officials, the Reynolds alumina facility does not
discharge to surface water and thus does not maintain a NPDES or state discharge permit. Finally, Texas
officials noted past problems with fugitive dust emissions from the red mud disposal units at both facilities
and indicated that enforcement actions have been taken against the Reynolds facility. The Reynolds facility
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now uses a flooding process to keep the muds completely under water, while the Alcoa facility places coarse
river sand over red mud areas that become dry in order to control emissions.

In summary, the alumina sector states studied in detail for this report, Louisiana and Texas, classify
and regulate red muds from the production of alumina as industrial solid wastes. Of the two states, Louisiana
has been more comprehensive in the kinds of environmental controls imposed on the management and
disposal of these red muds under their solid waste authorities. Both Louisiana and Texas also require State
water quality permits for discharges to surface water, in addition to Federal NPDES requirements, and have
air quality regulations that address fugitive dust emissions. Texas in particular has had problems with fugitive
dust emissions at both of its alumina facilities and has taken action in order to ensure that such emissions are
controlled.

3.5 Waste Management Alternatives and Potential Utilization

As noted above, the available data indicate that red muds do not exhibit any of the characteristics of
hazardous waste. Consequently, the issue of how alumina producers might modify their operations or waste
management practices or be stimulated to develop alternative uses for red muds in response to prospective
hazardous waste regulation is moot. Nevertheless, this section provides a brief summary of current red mud
waste management practices and potential areas of utilization.

Responses by bauxite processors nationwide to the SWMPF Survey indicate that none of the red mud
was sold or used for commercial purposes in the United States in 1988. Although red muds are not currently
being utilized efforts have been made to find commercial uses for these residues. Several processes have been
developed to recover iron from the red mud residues,>"? and the potential exists to use red muds as a
raw material in the iron and steel industry.3> Alumina and titanium dioxide recovery from bauxite muds is
also technically feasible, as well as recovery of other rare metals such as gallium, vanadium, and scandium. 3
Processing for recovery of metals other than iron, however, is not economically viable at present.

In addition to metal recovery, other methods of potential util ation of bauxite muds include use
in making construction blocks, bricks, portland cement, in lightweight a:gregate to make concrete, in plas-
tic and resin as filler, pigments, and applications in making ceramic products.>263" Research has also
been conducted on the potential use of red muds as a reagent in various proposed waste treatment
processes. 3839

31 parekh, B.K. and W.M. Goldberger. Utilization of Baver Process Muds: Problems and Possibilities. Proceedings of the Sixth Mineral
Waste Utilization Symposium, Chicago, [L, ed. Eugene Aleshin, 2-3 May 1978, pp. 123-132.

32 Shamsuddin, M. Metal Recovery form Scrap and Waste. Journal of Metals, February, 1986, pp. 29-30.

3 gteel from Aluminum Waste: The Grate Electric Process Using "Red Mud” as Iron Ore, Heat Engineering, April/June 49:2, 1979,
p- 23.

3 parekh, B.K. and W.M. Gokdberger, op. cit., pp. 123-124.

35 parekh, B.K. and W.M. Goldberger. Utilization of Baver Process Muds: Problems and Possibilities. Proceedings of the Sixth Mineral
Waste Utilizauon Symposium, Chicago, IL, ed. Eugene Aleshin, 2-3 May 1978, pp. 123-132.

% Miller, R.H. and RJ. Collins. Waste Materisl as Potential Replacements for Highway Aggregates. National Cooperative Highway
Research Program Report 166, 1976, p. 50.

37 Thokur, R.S. and BRR. Sant. Utilization of Red Mud: Part I - Analysis and Utilization as Raw Material for Adsorbents, Building
Materials, Catalysts, Fillers, Paints and Pigments. Journal of Scientific and Industrisl Research, Vol. 42, February 1983, pp. 101-105.

3 Parekh, and Goldberger, op. dit.,

¥ Thokur, and Sant, op. cit.,
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3.6 Cost and Economic Impacts

Because the available data indicate that red muds do not exhibit any of the characteristics of
hazardous waste, the issues of how waste management costs might change because of new requirements
associated with hazardous waste regulation under RCRA Subtitle C and what impacts such costs might impose
upon affected facilities are not meaningful. Consequently, no incremental costs or associated economic
impacts would result from a decision to remove red muds from the Mining Waste Exclusion.

3.7 Summary

As discussed in Chapter 2, EPA developed a step-wise process for considering the information
collected in response to the RCRA §8002(p) study factors. This process has enabled the Agency to condense
the information presented in the previous six sections of this chapter into three basic categories. For the
special waste in question (red muds), these categories address the following three major topics: (1) potential
for and documented danger to human health and the environment; (2) the need for and desirability of
additional regulation; and (3) the costs and impacts of potential Subtitle C regulation.

Potential and Documented Danger to Human Health and the Environment

The intrinsic hazard of red muds is relatively low compared to the other mineral processing wastes
studied in this report. The muds do not exhibit any of the four characteristics of hazardous waste, and only
chromium was detected in the muds in a concentration that exceeds the risk screening criteria used in this
analysis by a factor of 10. The concentration of radium-226 in the muds approximately equals EPA’s standard
for the cleanup of inactive uranium mill tailings sites, indicating a slight potential for radiation risk if the muds
were used in home construction (which they are not), or if the mud lakes after closure were allowed to be used
in an unrestricted manner. In addition, the alkaline nature (i.e., high p**; of the muds is expected to limit
plant growth on the dried, closed impoundments.

Based on an examination of the existing conditions at the five active bauxite refining facilities, EPA
concludes that the management of red muds may allow contaminants to migrate into the environment, but that
the potential for significant exposure to these contaminants is low. Specifically:

. There is a potential for contaminants to migrate into shallow ground water because the
muds are managed in impoundments and are submerged below liquids that may drive
contaminants to the subsurface, the bases of most impoundments used to manage the
muds extend beneath the water table, and only two impoundments are equipped with
leachate collection systems. However, useable ground water at each site is considerably
deeper (and thus more protected) and the concentration of any released contaminants
is expected to be below levels of concern at possible downgradient exposure points.

. It is also possible for contaminants from the impoundments to migrate into nearby
surface waters at three facilities that are within 60 meters of a water body. However,
this migration is not expected to cause significant impacts because the potential
receiving water bodies have a moderate to large assimilative capacity and resulting
contaminant concentrations are likely to be well below human health and ecological
protection benchmarks.

. When the impoundments have closed and the muds have dried, there is also a potential
for fine particles of the mud to be blown into the air as dust. Considering the distances
to existing residences and the low concentrations of contaminants in the muds, however,
airborne concentrations at the residences are likely to be below levels of concern.

The finding that the potential for danger to human health and the environment is low is consistent
with the fact that only one very limited documented damage case attributable to the muds has been identified.
State and EPA Regional files were reviewed in an effort to document the performance of red mud
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management practices at the five active bauxite facilities and at one inactive facility. No documented damages
to ground water associated with red muds were identified. At one facility, emergency surface water discharges
with a pH > 9 from the red mud lakes have occurred as the result of storm events. This type of discharge
is already regulated under the NPDES program.

Likelihood That Existing Risks/Impacts Will Continue in the Absence
of Subtitle C Regulation

As summarized above, the current red mud management practices and environmental conditions at
the five active bauxite facilities may allow some contaminant migration into ground water, surface water, and
air, both now and in the future. However, given the generally low concentrations of contaminants in the muds,
this migration should not pose a serious human health and environmental threat under reasonable
mismanagement scenarios. EPA believes that, after the impoundments have been closed, direct access to the
muds should be restricted to avoid radiation hazards and risks. Furthermore, it would be prudent to control
fugitive dust emissions from dried or closed impoundments, especially at the facilities located in arid settings,
because the dried muds are susceptible to wind erosion and inhalation exposures conceivably could occur if
people moved close to inactive impoundments in the future.

EPA believes that the low-risk conclusion for the five active bauxite facilities accurately reflects future
conditions because the muds are not likely to be generated and managed at alternate sites. In addition, the
quantity of the muds is so large that it is unlikely that the muds will be dredged from the impoundments in
which they settle and disposed of elsewhere. Current industry trends also indicate that construction of new
bauxite refining facilities in the U.S. is not likely. In addition, the muds historically have not been used off-site
extensively. Although a variety of approaches to utilization of the muds have been researched, including use
in making construction blocks, bricks, and portland cement, and recovery of iron and other metals, none of
these alternatives appear economically viable at present or in the foreseeable future.

The extent of state regulation of red muds appears to be comme urate with the risks posed by this
waste. The five active facilities are located in Louisiana, Texas, and Ark: .sas, of which Louisiana and Texas
were studied in detail for purposes of this report. Both Louisiana and Texas exclude mineral processing wastes
from hazardous waste regulation and classify red muds generated by alumina production as industrial solid
wastes. Although Louisiana’s regulations do not contain provisions tailored specifically to red muds, the state
does apply surface impoundment and landfill closure and financial responsibility requirements to the muds
in a fairly extensive manner. Texas has established standards for all aspects of the control of industrial solid
waste. Nevertheless, neither of the two facilities in Texas are required to obtain a permit, because both
dispose of their wastes on property owned or controlled by the facility owner/operator, and thus are only
subject to notification requirements. Both Louisiana and Texas require State wastewater discharge permits
in addition to Federal NPDES permits, and both states address fugitive dust emissions in the air permits issued
to the alumina facilities within their jurisdictions.

Costs and Impacts of Subtitie C Regulation

Because of the low risk potential of red muds, the general absence of documented damages associated
with these materials, and the fact that this material does not exhibit any characteristics of hazardous waste,
EPA has not estimated the costs and associated impacts of regulating red muds from bauxite refining under
RCRA Subtitle C.
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The sodium chromate and dichromate (also known as bichromate) production sector consists of two
facilities that, as of September 1989, were active and reported generating a special mineral processing waste:
treated residue from roasting/leaching of chrome ore. Prior to treatment, the roast/leach residue is not a
special waste and thus, is subject to applicable RCRA Subtitle C requirements (see 55 FR 2322, January 23,
1990.)! Facilities that are no longer operational, such as the Allied-Signal facility in Baltimore, MD, are not
addressed in this report. The data included in this chapter are discussed in additional detail in a technical
background document in the supporting public docket for this report.

4.1  Industry Overview

Sodium dichromate, converted from sodium chromate, is the primary feedstock for the production
of chromium-containing chemicals and pigments. Chromium-containing chemicals (e.g., chromic acid, basic
chromium sulfate, tanning compounds) are used in chromium plating, etching, leather tanning, water
treatment, and as catalysts. Other uses of chromium-containing chemicals are in drilling operations to provide
drilling mud fluidity and in wood preservative processes to bind copper and arsenic to wood. Chromium
pigments represent the largest use of chromium in the chemical industry, with sodium dichromate used to
manufacture a multitude of pigments (e.g., chrome green and yellow, zinc chromate) that are used in paints
and inks, often for materials that require corrosion inhibition.?

The two sodium dichromate production facilities studied in this report are the Corpus Christi, Texas
plant operated by American Chrome and Chemicals (ACC) and owned by Harrisons and Crossfield Inc.
(Harcross), and the Castle Hayne, North Carolina plant owned and operated by Occidental Chemical
Corporation (OCC). The ACC facility initiated operations in 1962 and was modernized in 1985; the OCC
facility began operations in 1971 and was modernized in 1982. The annual production capacity, total 1988
production, and rate of capacity utilization for the two facilities as reported in the SWMPF Surveys have ail
been designated confidential by the facilities and, therefore, are not reported in this document.3 A published
data source lists the annual sodium dichromate production mpacity‘ of the ACC plant at 41,000 metric tons
and the OCC plant as 109,000 metric tons.’ According to Bureau of Mines sources, long term capacity
utilitzation (1990 to 1995) is forecast to be 100 percent of capacity.®

Because these two facilities have classified their production statistics as confidential, no specific
information can be given on production trends in the sodium chromate and dichromate industries. The U.S.
Bureau of Mines, however, reports that apparent U.S. consumption of chromium has risen from 343,000 metric
tons in 1985 to 540,000 metric tons in 1989.7

! The residue from roasting/leaching of chrome ore is not "low hazard" (as defined by EPA for purposes of determining the scope of
the Mining Waste Exclusion as it applies to mineral processing wastes) when it is removed from the production process and, thus, is not
a special waste at the point of generation. However, after treatment (pH adjustment and sulfide reduction), as employed by the two
facilities, the residue is "low hazard” and therefore is a special waste because it is also high volume.

% Bureau of Mines, 1987. Minerals Yearbook, Ed.; p. 373.

3 American Chrome and Chemicals and Occidental Chem. Corp. Company Responses to the "National Survey of Solid Wastes from
Mineral Processing Facilities,” U.S. EPA, 1989.

4 Capacities are on a 100 percent sodium dichromate basis and include sodium chromate.

5 SRI International, 1987. Directory of Chemical Producers—United States, Ed.; p. 964.

¢ Bureau of Mines. 1990. Personal communication with Commodity Specialist John Papp.

7 John F. Papp, 1987. U.S. Bureau of Mines, "Chromium,” Minerals Yearbook, Ed., pp- 221, 223.
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Substitutes for chromium chemicals result in increased costs or poor performance.® Thus, the future
demand for sodium chromate and dichromate will fluctuate directly with the future demand for chromium
pigments and the chromium containing chemicals used in chromium plating, etching, tanning, and water
treatment, and as catalysts. The chromium chemical industry has historically shown a slow but steady growth
rate;’ there is no indication that this trend will change in the future.

Sodium chromate and dichromate are produced by a process in which ground chrome ore and soda
ash are mixed (lime and/or leached calcine are sometimes added as well), roasted in an oxidizing atmosphere,
and leached with weak chromate liquor or water, as shown in Exhibit 4-1.!1° The resulting leach liquor is
separated from the remaining leach residue. The roasting/leaching sequence is repeated at the ACC facility;
that is, two complete chromium extraction cycles are performed prior to removal of the residue. The leach
residue is then treated, as discussed below. The treatment residue from this operation is the special waste;
it is disposed on-site at both facilities.!! The leach solution contains unrefined sodium chromate; this liquor
is neutralized and then filtered to remove metal precipitates (primarily alumina hydrate).1? The alumina-free
sodium chromate may be marketed, but the predominant practice is to convert the chromate to the dichromate
form. The OCC facility uses a continuous process that involves treatment with sulfuric acid, evaporation of
sodium dichromate, and precipitation of sodium sulfate. Sodium sulfate may be sold as a byproduct or
disposed; the dichromate liquor may be sold as 69 percent sodium dichromate solution or returned to the
evaporators, crystallized, and sold as a solid. The ACC plant uses carbon dioxide (CO,) to convert the
chromate to dichromate; this process has the advantage of not generating a sulfate sludge.

Treatment of the leach residue consists of pH adjustment and sulfide reduction. The ACC facility
pumps the leach residue directly to a dedicated treatment unit, in which sulfuric acid and sodium sulfide are
used to induce the desired chemical changes in the residue, while at the OCC plant, the untreated residue is
pumped t0 a wastewater treatment plant which receives, and apparently combines, several other influent
streams prior to treatment with several different chemical agents. At both plants, the treated residue is
pumped in slurry form to disposal surface impoundments.

4.2 Waste Characteristics, Generation, and Current Management Practices

The special mineral processing waste generated by sodium dichromate production, treated residue
from roasting/leaching of chrome ore, is a solid material, though it typically is generated as a slurry containing
particles between 2 mm and about 8 cm (3 inches) in diameter. The treated roast/leach residue is composed
primarily of metallic oxides, such as those of iron, aluminum, silicon, magnesium, and chromium, as well as
sulfates.!®> The residue treatment process at both facilities includes a step to reduce hexavalent chromium
(Cr VI) to the trivalent form (Cr III), and to lower the pH of the waste. During its 1989 sampling visit, EPA
observed that the residue (as disposed) has a strong sulfide odor that is indicative of reducing conditions.

Using available data on the composition of the treated residue, EPA evaluated whether the residue
exhibited any of the four characteristics of hazardous waste: corrosivity, reactivity, ignitability, and extraction
procedure (EP) toxicity. Based on these data and professional judgment, the Agency does not believe the
chromium residue is corrosive, reactive, or ignitable. Further, based on EP and SPLP leach test data for one
sample from the ACC facility, the chromium residue does not exhibit the characteristic of EP toxicity. Using

8 John F. Papp, 1990. U.S. Bureau of Mines, "Chromium,” Mineral Commodity Summaries, Ed., p. 45.
% John F. Papp, 1985. U.S. Bureau of Mines, "Chromium,” Mineral Facts and Problems, Ed., p. 152.
19 Bureau of Mines, 1985. Mineral Facts and Problems, Ed.; p. 144.

11 American Chrome and Chemicals and Occidental Chemical Company Responses to the "National Survey of Solid Wastes from
Mineral Processing Facilities,” U.S. EPA, 1989.

12 Marks, 1978. Encyclopedia of Chemical Technology, Marks, et al., editors; Wiley Interscience, New York, NY, pp. 93-94.

13 Occidental Chemical Corp. Company Responses to the "National Survey of Solid Wastes from Mineral Processing Facilities,” U.S.
EPA, 1989.
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Sodium Dichromate Production

Exhibit 4-1

4-3

PROCESS
Soda Leach
Ash Lime Solution
Chromite * ¢ * Ismpure Neoh S —
. odium eutralizin efinin i
_Org__' Mixing | Roasting 9 Leaching A and ‘N9 and 9 Sodium
Chromate Filtering Convertin Dichromate
* Leach 1 .
Residue Alumina Sodium
Hydrate Chromate

Treatment

SPECIAL WASTE
Residue
MANAGEMENT
Disposal
Surface
Impoundment
Legend

[ Production Operation D special Waste Q Waste Management Unit

the EP test, the concentrations of all eight inorganic constituents with the EP toxicity regulatory levels were
one to two orders of magnitude below the regulatory levels.

Both companies generating this waste indicated that waste generation rate data were confidential
business information. Using alternate sources, EPA estimates the total generation to be approximately 102,000
metric tons/year (mt/yr); the estimated waste to product ratio is 0.68 metric ton of treated residue to each
metric ton of sodium dichromate.

The waste management practice used at both sodium dichromate production facilities is the disposal
of the treated roast/leach residue in large surface impoundmems.“ In these impoundments, the treated
roast/leach residue is settled out; the water is removed, treated, and discharged at the OCC facility, and is
typically left in the impoundment (evaporates) at the ACC facility. The settled treated roast/leach residue is
not removed from the impoundments but accumulates in place. The volume of treated roast/leach residue
accumulated on-site at the two sodium dichromate plants is estimated to total more than 1 million metric tons;
the facilities have reported accumulations of 54,000 cubic meters (1.9 million cubic feet) and 440,000 cubic
meters at ACC and OCC, respectively. Other waste streams are co-managed with the treated roast/leach
residue at these facilities.

¥ The OCC impoundment at Castle Hayne is actually a quarry. The treated roast/leach residue is co-managed in this quarry with
tailings from another on-site operation (identity is confidential). The ACC impoundment is termed a residue disposal area.
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The average surface area of these impoundments is 254,000 square meters (62.8 acres) with a depth
of 7.3 meters (24 feet); the specific impoundments range in surface area from 22,000 square meters and a
depth of 2.5 meters for ACC/Corpus Christi’s residue disposal area to a surface area-of 486,000 square meters
and a depth of 12 meters at OCC/Castle Hayne’s quarry. Neither facility uses a liner or a leachate collection
system, and only Occidental has surface and ground-water monitoring.

4.3 Potential and Documented Danger to Human Health and the Environment

This section addresses two of the study factors required by §8002(p) of RCRA: (1) potential danger
(i.e., risk) to human health and the environment; and (2) documented cases in which danger to human health
or the environment has been proven. Overall conclusions about the hazards associated with treated chromium
roast/leach residue are provided after these two study factors are discussed.

4.3.1 Risks Associated with Treated Residue from Roasting/Leaching of
Chrome Ore

Any potential danger to human health and the environment from the treated residue from roas-
ting/leaching of chrome ore depends on the presence of toxic constituents in the waste that may pose a risk
and the potential for exposure to these constituents.

Constituents of Potential Concern

EPA identified chemical constituents in the treated residue from roasting/leaching of chrome ore that
may potentially present a hazard by collecting data on the composition of the waste and evaluating the intrinsic
hazard of the residue’s chemical constituents.

Data on Treated Residue from Roasting/Leaching of Ore Composition

EPA's characterization of the treated roast/leach residue and its leachate is based on data from a 1989
sampling and analysis effort by EPAs Office of Solid Waste (OSW). These data provide information on the
concentrations of 20 metals in samples of both the treated residue and leachate (e.g., EP-toxicity procedure,
SPLP). Wastes from both sodium dichromate production plants within the scope of this study were sampled
and analyzed.

Data on constituent concentrations in solid samples of the waste from the OCC plant are not
available; therefore, concentrations in solid samples cannot be compared for the two facilities. On the other
hand, concentrations from leachate analyses of the treated roast/leach residue were available for both facilities
and generally are consistent across the two facilities and two types of leach tests (i.e., EP and SPLP).

Process for Identifying Constituents of Potential Concern

As discussed in Section 2.2.2, the Agency evaluated the waste composition data summarized above
to determine if treated chromium roast/leach residue contains any chemical constituents that may pose an
intrinsic hazard, and to narrow the focus of the risk assessment. The Agency performed this evaluation by first
comparing constituent concentrations to the screening criteria and then by evaluating the environmental
persistence and mobility of the constituents present in concentrations that exceed the criteria. These screening
criteria were developed using assumed scenarios that are likely to overestimate the extent to which constituents
in the residue are released to the environment and migrate to possible exposure points. As a result, this
process eliminates from further consideration those constituents that clearly do not pose a risk.

The Agency used three categories of screening criteria that reflect the potential for hazards to human
health, aquatic organisms, and air and water resources (see Exhibit 2-3). Given the conservative (i.e., overly
protective) nature of these screening criteria, contaminant concentrations in excess of the criteria should not,
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in isolation, be interpreted as proof of hazard. Instead, exceedances of the criteria indicate the need to
evaluate the potential hazards of the waste in greater detail.

Identified Constituents of Potential Concern

Analysis of solid samples of the treated roast/leach residue indicates that none of the waste’s
constituents are present at levels above the screening criteria. That is, even under conservative release and
exposure conditions, the residue solids do not appear to contain any constituents in concentrations that could
pose a significant risk.

Exhibit 4-2 presents the results of the comparisons for treated residue leachate analyses, and lists all
constituents for which sample concentrations exceed a screening criterion. Chromium, vanadium, aluminum,
manganese, and arsenic are present at concentrations equal to or slightly greater than at least one of their
respective screening criteria. All of these constituents are inorganics that do not degrade in the environment.

None of the constituents are present at a concentration more than five times a screening criterion,
and arsenic is present at a concentration that is just equal to its human health screening criterion. Vanadium
and arsenic leachate concentrations are high enough that, if the leachate migrated to drinking water sources
with only a 10-fold dilution, long-term ingestion of untreated drinking water could cause adverse health effects.
If the leachate is released and diluted by only a factor of 10, chromium, vanadium, and manganese
concentrations could potentially render affected ground or surface waters unsuitable for a variety of uses (e.g.,
direct human consumption, irrigation, livestock watering). Chromium and aluminum are present in the treated
residue leachate at concentrations that, if released to surface waters with a 100-fold dilution or less, could
exceed criteria for the protection of aquatic life. It is important to clarify that, while the concentrations of
these five constituents exceed the conservative screeming criteria, no constituents were measured in
concentrations that exceed an EP-toxicity regulatory level.

These exceedances of the screening criteria, by themselves, do not demonstrate that the residue poses
a significant risk, but rather indicate that the waste may present a hazard under a very conservative,
hypothetical set of release, transport, and exposure conditions. To determine the potential for the residue to
cause significant impacts, EPA proceeded to the next step of the risk assessment to analyze the actual
conditions that exist at the facilities that generate and manage the waste.

Release, Transport, and Exposure Potential

This analysis evaluates the baseline hazards of the waste as it was generated and managed at the two
sodium dichromate production plants in 1988. It does not assess the hazards of off-site use or disposal of the
treated residues because the treated residues are currently managed only on-site and are not likely to be
managed off-site in the foreseeable future. In addition, the following analysis does not consider the risks
associated with variations in waste management practices or potentially exposed populations in the future
because of a lack of data on which to base projections of future conditions. Alternative practices for the
management of treated chrome roast/leach residue, however, are discussed in Section 4.5.

Ground-Water Release, Transport, and Exposure Potential

As discussed above, leachate from the treated chromium residue contains five constituents in
concentrations that exceed the risk screening criteria. However, given the existing residue management
practices and the neutral pH conditions that are expected to exist in and under the waste management units,
vanadium, aluminum, and manganese have a strong tendency to bind to soil. These three constituents in
leachate from the treated residue, therefore, are relatively immobile in ground water (in the event that they
are released to ground water). Moreover, the residue treatment process employed is designed to reduce
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Exhibit 4-2

Potential Constituents of Concern in
Treated Chromium Roast/Leach Ore Residue Leachate(®

No. of Times No. of Facilities
Constituent No. of Analyses Exceeding Criteria/
Potential Detected/No. of Exceeding Criteria/ No. of Facilities
Constituents Analyses No. of Analyses for Analyzed for
of Concern for Constituent Screening Criteria® Constituent Constituent
Chromium 212 HResource Damage 2/2 2/2
" Aqustic Ecalopical 1/2 1/2
Vanadium® 2/2 Human Health 1/2 1/2
Resource Damage 1/2 1/2
Aluminum{® 2/2 Aqustic Ecological 2/2 2/2
Manganese 1/2 Resource Damage 1/2 1/2
Arsenic( 112 Human Health” 1/2 1/2
(a) Constituents listed in this table are present in at least one sample frorn at least one facility at a concentration that

exceeds a relevant screening criterion. The screening criteria values are shown in Exhibit 2-3 in Chapter 2 of this
report. Constituents that were not detected in a given sample were assumed not to be present in the sample. Unless
otherwise noted, the constituent concentrations used for this analysis are based on EP leach test results.

{b) Human health screening criteria are based on cancer risk or noncancer health effects. *Human health® screening
criteria noted with an *™ are based on a 1x10° lifetime cancer risk; others are based on noncancer effects.
(c) Data for this constituent are from SPLP leach test resuits.

chromium to the trivalent form, which is relatively immobile in typical ground-water systems.15 Therefore,
among the constituents of potential concern in leachate from the treated residue, only arsenic would be
expected to be readily transported in typical ground-water environments, if released.

Both sodium dichromate production facilities manage the treated residue in units that have no
engineered ground-water release controls such as liners or leachate collection systems. However, the ground-
water release and transport potential of these units differ significantly:

. The OCC plant in North Carolina discharges the residue slurry into a 49 hectare (120
acre) quarry that is 12 meters deep. The depth of supernatant liquid in this im-
poundment provides a large hydraulic head that may produce a considerable force to
drive liquids from the quarry into the underlying aquifer. Because the quarry is located
in karst terrain (i.c., irregular topography characterized by solution features in soluble
rock), any liquids released from the quarry to the aquifer located six meters beneath the
quarry could potentially flow long distances directly through conduits in the bedrock
(i.e., with minimal contaminant dilution and attenuation) to potential exposure points.

. The ACC facility in Texas discharges the residue slurry to an unlined disposal area that
has little or no standing water except during storm events and immediately following
deposition of fresh residue slurry. Water is removed from the unit via a network of
drainage ditches, by evaporation, and by seepage into the ground. Although there is
little hydraulic head to drive the flow of contaminants from the unit, both slurry water

YFor all other mineral processing wastes evaluated in this report, chromium is assumed to be present in its hexavalent form and,
therefore, to be relatively mobile in ground water.
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and stormwater potentially can leach contaminants from the residue into the subsurface.

The potential for slurry water and stormwater to infiltrate to ground water from this

unit may be limited to some degree by the presence of relatively impermeable subsurface

materials (i.e., composed primarily of clay) in the vicinity of the site.
Given these management unit and hydrogeological characteristics, the potential for seepage from the disposal
units to migrate into ground water is relatively high at the North Carolina facility and moderate at the Texas
facility. Ground-water monitoring data further support this assessment. Monitoring of ground water at the
North Carolina facility has indicated that drinking water standards for chloride and pH have been exceeded
downgradient (but not upgradient) of the waste management area. While these contaminants are not
associated with the treated chromium residue, the presence of contaminants in the ground water indicates the
potential for contaminants to leach into ground water at this site.!® Ground-water contamination has also
been documented at the Texas facility (see Section 4.3.2). Although the ground-water contamination at the
Texas facility has not been attributed to the treated residue management unit, the presence of contamination
again indicates that hydrogeologic conditions at this location do not preciude the potential release of residue
constituents to ground water.

Ground-water flow in karst terrain, such as that at the OCC plant, is typically characterized as conduit
flow that does not provide the intimate contact between aquifer material and ground water that occurs in
typical porous media aquifers. Consequently, the constituents of potential concern (i.e., trivalent chromium,
vanadium, aluminum, and manganese) that would not be mobile in typical ground-water environments can
migrate more readily in karst limestone aquifers, and may be mobile along with arsenic at the OCC plant.

Currently, there are no residential or public water supply withdrawals from ground water within
1.6 km (1 mile) downgradient of either facility. Therefore, current human health risks resuiting from drinking
water exposures are not expected. Potential releases of arsenic, chromium, vanadium, and manganese from
the waste to the aquifer at the OCC plant, and potential releases of arsenic at the ACC plant could restrict
potential future uses of the ground water, but this threat is very minor given the low concentration of the
waste leachate. In theory, contaminants migrating into ground water at the OCC facility could remain at levels
above the screening criteria for relatively long distances because conduit flow does not disperse contaminants
as readily as diffuse flow in porous media. However, in reality, any contaminants released to ground water
at the OCC facility are likely to discharge directly into the adjacent northeast Cape Fear River, as described
in the next section.

Surface Water Release, Transport, and Exposure Potential

Constituents of potential concern in treated roast/leach residue could theoretically enter surface waters
by either migration of leachate through ground water that discharges to surface water, or direct overland
(stormwater) run-off of dissolved or suspended materials. As discussed above, arsenic, chromium, aluminum,
manganese, and vanadium leach from treated chrome residue at levels above the screening criteria. Given the
characteristics of the units currently used to manage this waste at the two sodium dichromate production
facilities and the hydrologic setting of the plants, the potential for releases of treated residue constituents to
surface waters varies between the two plants.

The OCC plant in North Carolina is located adjacent to the Northeast Cape Fear River. Because
the waste is managed as a sludge at the bottom of a quarry that is 12 meters deep, however, it is unlikely that
overland flow of stormwater run-off could carry the waste to the river. Ground-water discharge to surface
water could potentially release contaminants from the residue sludge to the river at concentrations above the
screening criteria. However, resulting contaminant concentrations in the river downstream of the facility are
expected to be negligible because the large flow of the river (1,250 mgd) can provide substantial dilution, and
the constituents that exceed the screening criteria exceed it by a factor of less than five.

16 The facility did not provide information on the possibie sources of the observed ground-water contamination.
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The ACC plant in Texas is located less than 50 meters from the Corpus Christi shipping channel.
Releases from the treated residue disposal area are expected to be moderated by run-on/run-off controls
designed to restrict surface run-off of stormwater and slurry water from the unit. As discussed above, the
potential for contamination of ground water is moderate at this facility, and, consequently, contaminated
ground water potentially could discharge to the shipping channel. However, because the Agency’s comparison
of treated chrome residue concentrations to screening criteria does not indicate any potential impacts on
saltwater ecosystems Or restrictions on potential beneficial uses of saltwater, threats to the shipping channel
water quality from treated chromium residue appear unlikely.

Air Release, Transport, and Exposure Potential

EPA’s comparison of constituent concentrations to screening criteria did not identify any potential
constituents of concern for the air pathway. Consequently, if airborne releases were to occur, possibly due to
future removal of the residue sludge from the current management areas, chrome residue should pose no
human health threats via the air pathway. Air pathway threats from current management of the residue at
the OCC plant are further diminished because the waste is managed as a sludge at the bottom of a quarry,
submerged beneath a liquid.

Proximity to Sensitive Environments

Both the OCC and ACC plants are located in environments that are vulnerable to contamination or
have high resource value. Because the OCC plant is located in a 100-year floodplain, large releases
occasionally could occur in the event of a large flood. The OCC plant also is located in an area of karst
topography, which may permit the ready transport of contaminants if they are released to ground water. Both
sodium dichromate production facilities are within 1.6 km (1 mile) of a wetland area. However, because the
ground-water and surface water release potential at the ACC facility is considerably smaller, only the wetland
area near the OCC plant may be potentially threatened by releases from the residue. Wetlands are commonly
entitled to special protection because they provide habitats for many forms of wildlife, purify natural waters,
provide flood and storm damage protection, and afford a number of other benefits.

Risk Modeling

The intrinsic hazard of the treated residue is generally low because the residue does not exhibit any
of the four characteristics of a hazardous waste and contzins only five constituents that exceed the screening
criteria by a narrow margin (less than a factor of five). Migration into ground and surface water is possible
at both sites, but it is not expected to cause significant human health or environmental impacts for the reasons
outlined above. In addition, there are no documented cases of damage attributable to the treated residue (as
presented in the next section) and the Agency’s modeling of other wastes that appear to pose a greater hazard
suggest that the risks posed by the treated residue are low. For all of these reasons, EPA has concluded that
the potential for treated residue from roasting/leaching of chrome ore to pose significant risk to human health
or the environment is moderate to low. (See sections 4.3.3 and 4.7 for additional discussion.) Therefore, the
Agency has not conducted a quantitative risk modeling exercise for this waste.

4.3.2 Damage Cases

State and EPA regional files were reviewed in an effort to document the performance of waste
management practices for treated residue from the roasting/leaching of chrome ore. The file reviews were
combined with interviews with Texas and North Carolina State and EPA regional regulatory staff. Through
these case studies, EPA found no documented environmental damages attributable to management of the
treated residue from chrome ore processing. Ground-water contamination has been identified at the American
Chrome and Chemical facility, but it is not clear to what extent current waste disposal practices, historical



Chapter 4: Sodium Dichromate Production  4-9

waste disposal practices (which involved management of an untreated residue), and/or neighboring facilities
are the source of the contamination.

Contacts with State agencies and review of State files also revealed that historical management
practices of the untreated chrome ore processing residues have created numerous sites where remediation (by
removal or other means) is planned or in progress.!” Examples include: (1) the Allied Chemical plant in
Baltimore, MD; (2) the city of Baltimore’s Patapsco Wastewater Treatment Plant and other sites on Baltimore
Harbor where untreated chrome ore residues from the Allied Chemical facility were used as fill material; and
(3) more than 100 sites in Hudson County, New Jersey (includes Jersey City, Kearny, and Secaucus), where
use of the untreated residues (from three facilities -- Allied Chemical Corp., PPG Industries, and Diamond
Shamrock Co.) in an urban setting resulted in chromium contamination of surficial soil, with associated
contamination of ground and surface water, sediment, building walls, and ambient air.

4.3.3 Findings Concerning the Hazards of Treated Residue from Roasting/
Leaching of Chrome Ore

Review of the available data on treated residue indicates that none of the waste’s constituents are
present at levels above the screening criteria in samples of the treated residue solids. The available data aiso
indicate that the treated residue does not exhibit any of the four characteristics of hazardous waste. Data on
constituent concentrations in laboratory leachate from the treated residue indicate that concentrations of
chromium, vanadium, aluminum, manganese, and arsenic occur above screening criteria. None of the
constituents, however, are present at a concentration more than five times a screening criterion, and arsenic
is present at a concentration that is just equal to its human health screening criterion. Given the very
conservative nature of these screening criteria, these low contaminant concentrations in leachate from the
treated residue would pose a significant risk only under extreme exposure conditions.

The potential for release, transport and exposure is notably different at the two currently active
facilities. The ground-water release potential is high at the North Carolina facility and moderate at the Texas
facility, but the potential for risks resulting from drinking water exposure is low at both facilities because of
the low concentration of the leachate and because any contaminated ground water is likely to discharge directly
into adjacent surface waters without being withdrawn for drinking. At the North Carolina facility, it is unlikely
that release 10 surface waters via overland flow would occur, but migration through ground water that
discharges to surface water could occur. No significant impacts would be expected, however, due to the large
flow of the river. At the Texas plant, erosion to surface waters should be mitigated by run-off controls, but
releases through ground-water discharge to the Corpus Christi Shipping Channel could potentiaily occur. The
shipping channel contains saltwater, and comparison of leachate concentrations to the screening criteria did
not indicate any potential impacts to saltwater ecosystems. No constituents of potential concern were
identified for releases to air.

Based on the relatively low intrinsic hazard of the waste, the low potential for release, transport, and
exposure, and the absence of documented cases of danger t0 human health or the environment, EPA has
tentatively concluded that the hazard posed by treated residue from the roasting/leaching of chrome ore is
relatively low. Accordingly, only limited discussions of current applicable regulatory requirements, alternative
waste management and utilization, and costs and impacts are provided below.

17 EPA has previously determined that untreated chromium roast/leach ore residue is not a low hazard waste and, therefore, it is not
within the scope of this Report to Congress. (See 54 FR 36592, September 1, 1989.)
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4.4 Existing Federal and State Waste Management Controls

4.4.1 Federal Regulation

Although there are a number of Federal statutes and regulations which apply to various industrial
wastes generally (including those from ore mining and dressing and certain types of primary metal production),
there are none that specifically address solid wastes from chrome ore processing. It should be noted, however,
that untreated roast/leach residue and any additional wastes generated by chrome processing operations that
may exhibit a characteristic of hazardous waste are subject to Subtitle C of RCRA, as of the effective date
(July 23, 1990) of the final rule establishing the boundaries of the Mining Waste Exclusion (55 FR 2322,
January 23, 1990).

4.4.2 State Regulation

The nation’s two chromium facilities are located in two states, North Carolina and Texas, both of
which were selected for regulatory review for the purposes of this report (see Chapter 2 for a discussion of
the methodology used to select states for detailed regulatory study). Both North Carolina and Texas have
adopted the federal exclusion from hazardous waste regulation for mineral processing wastes.

North Carolina does not regulate roasting/leaching residue from chrome ore under its solid waste
regulations, but does address this waste under state water pollution control regulations. North Carolina has
an approved NPDES program and requires that its single chromium facility maintain a "no discharge” permit
for the impoundments used for settling and disposing of the treated residue. Under the terms of this permit,
the facility must undertake activities such as weekly EP-toxicity testing, ground-water monitoring, and
personnel certification. The permit also stipulates that a closure plan must be submitted for approval three
months prior to closure of the impoundment. Finally, the facility’s impoundment used for the disposal of
treated roasting/leaching ore residue is not subject to specific requirements in the facility’s air permit, though
a recently promulgated toxic air pollutants regulation may result in the application of more stringent
requirements.

Texas classifies roast/leach residue from chrome ore as industrial solid waste. Because the chromium
facility in Texas disposes of its roast/leach ore residue on land that is both within 50 miles of the facility and
controlled by the facility owner/operator, the state has not required that the facility obtain a solid waste
disposal permit. The facility is required to notify the state of its waste management activities, however, and
may be required to submit additional information such as waste characterization data. Moreover, all discharges
to surface water in the state must be permitted under both federal NPDES and state water quality discharge
permits. Finally, although the single chromium facility in Texas maintains an air permit, the permit does not
specifically address the roasting/leaching residue surface impoundments managed at the facility.

In summary, both of the states with chromium facilities, North Carolina and Texas, regulate the
chrome ore roasting/leaching residues generated at those facilities under solid waste and/or water quality
regulations. Of the two states, North Carolina appears to be somewhat more comprehensive in the kinds of
environmental controls required and the stringency of those controls. Finally, neither of the facilities’ state-
issued air permits specifically address, at this time, the roasting/leaching residue management and disposal
units used by the facilities, though North Carolina may impose more stringent requirements under newly
promulgated toxic air pollutants regulation.

4.5 Waste Management Alternatives and Potential Utilization

As noted above, while the treated residue from roasting/leaching of chrome ore could pose a risk
under a very conservative set of conditions, the risk analysis indicates that significant impacts are unlikely.
Consequently, the issue of how sodium dichromate producers might modify their operations or waste
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management practices or be stimulated to develop alternative uses for the treated roast/leach residue in
response to prospective hazardous waste regulation is not applicable. Nevertheless, EPA did search the
literature for information on research into alternatives for disposal and potential utilization of the treated
residue, but no relevant information was identified.

4.6 Cost and Economic Impacts

Because the available data indicate that treated residue from roasting/leaching of chrome ore does
not exhibit any of the characteristics of hazardous waste and is unlikely to pose significant risks to human
health and the environment, the issue of how waste management costs might change because of new
requirements associated with regulation under RCRA Subtitle C and what impacts such costs might impose
upon affected facilities has not been investigated.

4.7 Summary

As discussed in Chapter 2, EPA developed a step-wise process for considering the information
collected in response to the RCRA §8002(p) study factors. This process has enabled the Agency to condense
the information presented in the previous six sections of this chapter into three basic categories. For each
special waste, these categories address the following three major topics: (1) potential for and documented
danger to human health and the environment; (2) the need for and desirability of additional regulation; and
(3) the costs and impacts of potential Subtitle C regulation.

Potential and Documented Danger to Human Health and the Environment

The intrinsic hazard of the treated residue from roasting/leaching of chrome ore is relatively low
compared to other mineral processing wastes studied in this report. The treated residue does not exhibit any
of the four characteristics of hazardous waste. Data on constituent concentrations in solid samples of the
waste also do not indicate any exceedance of the screening criteria used in this analysis. Data on constituent
concentrations in laboratory leachate from the treated residue, however, indicate that five constituents are
present in concentrations above the conservative screening criteria. However, none of these constituents are
present at a concentration more than five times the screening criterion, and given the conservative nature of
these screening criteria, these low contaminant concentrations in leachate from the treated residue would pose
a significant risk only under extreme exposure conditions.

In addition to the relatively low intrinsic hazard of this waste, current management of the waste at
the facilities in North Carolina and Texas appears to limit the potential for the waste to threaten human
health or the environment. Although the ground-water release potential is relatively high at the North
Carolina facility and moderate at the Texas facility, the potential for exposure resulting from drinking water
is low at both facilities because of the low concentrations of the waste leachate and because any contaminated
ground water is likely to discharge directly into adjacent surface waters without being withdrawn for drinking
(i-e., the waste management units are located very near surface waters and it is unlikely ground water would
be withdrawn between the management units and the point of discharge into the surface water). At the North
Carolina facility, releases to surface waters via overland flow are unlikely, and releases through ground-water
discharge would not be expected to produce significant impacts because of the large flow of the river adjacent
to the plant. At the Texas plant, overland releases to surface waters would be mitigated by run-off controls,
and no adverse impacts are expected in the event of ground-water discharges to the adjacent saltwater system
because constituent concentrations in leachate from the treated residue are below concentrations that threaten
saltwater organisms.

The lack of documented cases of damage caused by the treated residue confirms that the waste, as
currently managed, appears not to cause significant health or environmental impacts. Review of State and
EPA Regional files and interviews of State and EPA Regional regulatory staff did not produce any evidence
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of documented environmental damages attributable to management of treated residue at the Texas or North
Carolina facilities.

Likelihood That Existing Risks/Impacts Will Continue in the
Absence of Subtitle C Regulation

The relatively low intrinsic hazard of the waste and the current waste management practices and
environmental conditions that currently limit the potential for significant threats to human health and the
environment are expected to continue to limit risks in the future in the absence of Subtitle C regulation. The
characteristics of this waste are unlikely to change in the future, and despite the fact that this analysis is
limited to the two sites at which the waste is currently managed, EPA believes that the conclusion of low
hazard can be extrapolated into the future because the environmental conditions in which the waste is
managed are unlikely to change. Management of treated residue is unlikely to expand beyond the two
locations currently in use for three reasons. First, the quantity of material involved makes it unlikely that the
treated residue from roasting/leaching of chrome ore would be removed from the impoundments for disposal
elsewhere. Second, current trends in industry growth indicate that construction of additional sodium
dichromate production facilities is not likely. Third, the treated roast/leach residues have historically not been
used off-site, and no viable approaches to utilization of the treated residue have been identified.

At the facility in North Carolina, the potential for increased risks in the future is further restricted
by substantial State regulation of the treated residue disposal unit. The requirements for this unit, which are
incorporated in a state-administered water quality permit, include no discharge from the impoundments used
for settling and disposal of the treated residue, weekly EP-toxicity testing, ground-water monitoring, a
compliance boundary where water quality standards must be met, and operation of the unit by a certified
operator. At the Texas facility, in contrast, the State’s application of environmental control requirements for
waste management activities is limited. :

Costs and Iimpacts of Subtitie C Regulation

Because of the low risk potential of treated residue from roasting/leaching of chrome ore, the general
absence of documented damages associated with this material, and the fact that this waste does not exhibit any
characteristics of hazardous waste, EPA has not estimated the costs and associated impacts of regulating
treated residue from roasting/ieaching of chrome ore under RCRA Subtitle C.



Chapter 5
Coal Gasification

The domestic coal gasification industry presently consists of one facility that, as of September 1989,
was the only commercial coal gasification plant in full operation in the United States! that reported
generating two special mineral processing wastes: gasifier ash and process wastewater. The data included in
this chapter are discussed in additional detail in a technical background document in the supporting public
docket for this report.

5.1 Industry Overview

The coal gasification facility produces synthetic natural gas that is sent to a refinery for processing
as a natural gas for energy production. The Great Plains Coal Gasification Plant is located in Beulah, Mercer
County, North Dakota and is owned and operated by the Dakota Gasification Company. The Great Plains
facility began operation in 1984. The facility reported an annual capacity of 1.1 million metric tons in 1988,
and an actual production of 1.0 million metric tons of natural gas.

The Great Plains plant set a new annual production record for 1989 with a 9.8 percent increase over
its 1988 level and a 5.1 percent increase over 1987 production.2 The profitability of existing facilities and the
potential for the opening of new plants will be affected by the prices of alternative fuel sources such as oil and
gas.

The facility employs 12 Lurgi Mark IV high pressure coal gasifiers, with two gasifiers on standby for
spare capacity. The overall coal gasification process is illustrated in Exhibit 5-1. Lignite coal, which is taken
from four mines that are co-located with the facility, is crushed and fed to the top of individual gasifiers
through a lock-hopper system; steam and compressed oxygen are introduced at the bottom of each gasifier.
As the coal charge descends through the gasifier bed, it is dried, devolatilized, and gasified. The ash remaining
in the bed after the reaction is removed by a rotating grate at the bottom of the gasifier and is discharged
through a gas lock. The ash is discharged into an enclosed ash sluiceway, where recirculating ash sluice water
is introduced to cool the ash and transport it to the ash handling and disposal area. The hot crude product
gas leaving the gasifiers goes through several operations, including quenching (to cool and clean), shift
conversion (to alter the ratio of hydrogen to carbon monoxide), further cooling of the gas, and processing
through the Rectisol unit (to remove sulfur compounds and carbon dioxide). The desulfurized crude gas is
sent to the methanation unit; the product gas is then compressed and dried for delivery to a pipeline for
distribution.?

The quenching operation described above, in addition to cooling the raw gas, serves to remove
entrained particles from the gas and to condense and remove unreacted steam, organic compounds, and soluble
gases. The result of this cooling operation is an aqueous stream known as quench liquor. This process stream,
along with similar streams from the shift conversion, gas cooling, and rectisol units, are sent to the gas liquor
separation unit (for removal of tar and oil), to a phenosolvan unit (for phenol recovery), and to a phosam-W

1 EPA is aware of two other facilities that conduct commercial-scale coal gasification operations. These plants, located at Daggett,
California and Placamine, Louisiana, employ a different technology than that used at the Beulah, North Dakota facility that is the subject
of this chapter. The facility in California has been inactive since early 1988 and is curreatly being overhauled so that it can burn a mixture
of 75 percent coal and 25 percent sewage sludge. The Louisiana facility is currently operating and gasifies about 2,400 tons per day of
coal. EPA is continuing to collect information on waste generation, management practices, and process operations at these facilities to
determine if the regulatory determination will apply to any wastes generated by these facilities.

2 "The Bulletin,” 1990. Great Plains Synfuels-Dakota Gasification Company, Volume 7, No. 3, January 16, p. 4.

3 Environmental Protection Agency, 1987. American Natural Gas Special Study. Prepared by CDM for the U.S. EPA, Washington,
D.C., March, 1987; pp. 14-27.
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ammonia recovery unit (for ammonia recovery). The process water leaving the phosam-W unit, known as
stripped gas liquor, is the special waste, coal gasification process wastewater. This process wastewater is used
as make-up water for a water cooling system that is needed to cool the gasifiers during operation. The hot
water is routed to a cooling tower used to remove heat from the system. The evaporation from the cooling
tower exceeds the quantity of stripped gas liquor generated on an annual basis; hence, all stripped gas liquor
is used as make-up water.

5.2 Waste Characteristics, Generation, and Current Management Practices

The coal gasification operation discussed in this report generates both a solid special mineral
processing waste, gasifier ash, and an aqueous process waste, stripped gas liquor.
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Gasifier Ash

Gasifier ash, which reportedly has a particle size ranging from two millimeters to eight centimeters
in diameter (gravel), is composed primarily of sulfate, calcium, silicon, sodium, aluminum, and magnesium.
The Dakota gasification facility reported generating 245,000 metric tons of gasifier ash in 1989.

Using available data on the composition of coal gasification gasifier ash, EPA evaluated whether the
ash exhibits any of the four characteristics of hazardous waste: corrosivity, reactivity, ignitability, and
extraction procedure (EP) toxicity. Based on professional judgment and analyses of 59 gasifier ash samples
from the Beulah facility, the Agency does not believe the ash is corrosive, reactive, ignitable, or EP toxic.

Gasifier ash that is removed from the bottom of the gasifier is quenched, passed through crushers to
reduce the maximum size to eight centimeters, then sluiced into ash sumps for settling and dewatering. The
dewatered ash is trucked to an on-site clay-lined landfill, where it is disposed along with ash from boilers,
superheaters, and incinerators, and settled solids from process water management units (€.g., impoundments,
API separators).

The landfill is 23 meters (75 feet) deep with an area of 4.9 hectares (12 acres) and is lined with
recompacted clay. Although the landfill receives a variety of wastes, the ash accounts for approximately 95
percent of the total input. Material is typically not removed from the landfill and the remaining life is five
years. A total of 1,500,000 metric tons* of combined solids has accumulated at the solid waste disposal site,
approximately 95 percent of which is assumed to be gasifier ash based on Survey responses.

Process Wastewater

The process wastewater has an average pH of 9.8 and a solids content of approximately 0.2 percent.
The principal contaminant in the water reportedly is NO,, with additional trace amounts of chlorides, sodium,
phenols, and oil and grease. The Dakota gasification facility reported generating 4.83 million metric tons of
process wastewater during 1988.

Using available data on the composition of coal gasification process wastewater, EPA evaluated
whether the wastewater exhibits any of the four characteristics of hazardous waste: corrosivity, reactivity,
ignitability, and extraction procedure (EP) toxicity. Based on professional judgment and analyses of two
process wastewater samples from the Beulah facility, the Agency does not believe the wastewater exhibits any
of these characteristics. Using the EP leach test, for example, all of the inorganic constituents with EP toxicity
regulatory levels, except selenium, were measured in concentrations that were at least two orders of magnitude
below the regulatory level; the maximum observed concentration of selenium in EP leachate was 0.4 times the
regulatory level.

The process wastewater (i.e., stripped gas liquor) is used as make-up water for the gasifier water-
cooling system. In this system, large quantities of water are lost to evaporation (3,000-3,500 gpm, or 6-7
million metric tons per year) from the cooling tower. Evaporation losses are made up using primarily the
stripped gas liquor, as well as softened ground water and other on-site wastewaters. Although the quantity
of water lost from the gasifier cooling system through evaporation exceeds the quantity of process wastewater
generated on an annual basis, the supply of process wastewater generated on a daily basis sometimes exceeds
the need for cooling system make-up water. When this occurs, a surge pond is used to store the process
wastewater until it is needed. This impoundment, which is lined with recompacted local clay and a 36 mil
synthetic liner, has an area of about 4.3 hectares (11 acres) and a depth of 4 meters (13 feet). No long-term
accumulation of waste occurs in this unit; the water is pumped to the cooling tower and settled solids are
dredged (approximately 13 metric tons in 1988) and sent to the solid waste disposal landfill.

4 Quantity was originally reported in cubic yards (960,000 cubic yards). This was converted to metric tons assuming a specific gravity
of 2.0 for the ash sludge.
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The evaporation of water. from the cooling water system results in any impurities in the make-up
water being concentrated in the remaining cooling system water; these impurities can lead to scaling or other
operational problems in the system. Therefore, the cooling water in the system is bled off at a rate of 360-500
gpm to prevent concentration of impurities from reaching unacceptable levels. This concentrated bleed, known
as cooling tower blowdown, was generated at a rate of approximately 766,000 metric tons in 1988.

This cooling tower blowdown and the residuals from the treatment of the waste stream are not special
wastes (because they are not large volume wastes), but the management of these streams is discussed briefly
to provide an overview of the operation. The cooling tower blowdown is treated in a multiple effects
evaporator (MEE) unit. Distillate from this treatment is returned to the cooling system or used as other
facility utility water. The remaining residual, MEE concentrate, is returned as feed to the gasifier or is sent
to an on-site liquid waste incinerator (LWI). Separate surge ponds are used for storage of MEE distillate and
concentrate. The waste stream from the LWI unit, referred to as LWI blowdown, is sent to the coal ash sluice
area to be included as make-up water for ash handling. Any incinerator ash/solids in the blowdown are,
therefore, combined with the gasifier ash and managed as such.

5.3 Potential and Documented Danger to Human Health and the Environment

This section addresses two of the study factors required by §8002(p) of RCRA: (1) potential danger
(i-e., risk) to human health and the environment; and (2) documented cases in which danger to human health
or the environment has been proven. Overall conclusions about the hazards associated with coal gasifier ash
and process wastewater are provided after these two study factors are discussed.

5.3.1 Risks Associated with Gasifier Ash and Process Wastewater

Any potential danger to human health and the environment from coal gasifier ash and process
wastewater depends on the presence of toxic constituents in the wastes that may pose a risk and the potential
for exposure to these constituents.

Constituents of Potential Concern for Coal Gasification Gasifier Ash

EPA identified chemical and radiological constituents in coal gasifier ash that may present a hazard
by collecting data on the composition of the waste and evaluating the intrinsic hazard of the ash’s constituents.

Data on Coal Gasifier Ash Composition

EPA’s characterization of the gasifier ash and its leachate is based on data from a 1989 sampling and
analysis effort by EPA's Office of Solid Waste (OSW) and industry responses to a RCRA §3007 request in
1989. These data provide information on the concentrations of 20 metals, radium-226, uranium-238, gross
alpha and beta radiation, cyanide, a number of other inorganic constituents (i.c., phosphate, fluoride, and
sulfate), and 30 semivolatile and volatile organic constituents in total and leach test analyses.

Concentrations in total samples of the ash are consistent for most constituents across the two data
sources. Likewise, concentrations from leach test analyses of the gasifier ash generally are consistent across
the two data sources. Among EP results, however, arsenic, barium, chromium, and silver concentrations vary
by more than two orders of magnitude. In addition, maximum leachate concentrations of many constituents
(i.e., arsenic, barium, cadmium, chromium, copper, lead, manganese, selenium, and silver) detected in EP leach
tests are approximately 10 times higher than concentrations detected by SPLP or TCLP analyses. Conversely,

5 As reported by Dakota Gasification Company, approximately 32,000 metric tons of LWI blowdown was generated in 1988 with a
solids content of S percent; these approximately 1,600 metric tons of solids are assumed to be included in the total volume of gasifier ash
reported by the company.
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concentrations of aluminum, iron, uranium-238, and vanadium detected by SPLP analyses are greater than
approximately five times the highest EP and TCLP concentrations.

Process for Identifying Constituents of Potential Concern

As discussed in Section 2.2.2, the Agency evaluated the waste composition data summarized above
to determine if coal gasifier ash contains any chemical constituents that could pose an intrinsic hazard, and
to narrow the focus of the risk assessment. The Agency performed this evaluation by first comparing
constituent concentrations to the screening criteria, and then by evaluating the environmental persistence and
mobility of constituents that are present in concentrations that exceed the criteria. These screening criteria
were developed using assumed scenarios that are likely to overestimate the extent to which constituents in the
wastes are released to the environment and migrate to possible exposure points. As a result, this process
eliminates from further consideration those constituents that clearly do not pose a risk.

The Agency used three categories of screening criteria that reflect the potential for hazards to human
health, aquatic organisms, and air and water resources (see Exhibit 2-3). Given the conservative (i.e., overly
protective) nature of these screening criteria, contaminant concentrations in excess of the criteria should not,
in isolation, be interpreted as proof of hazard. Instead, exceedances of the criteria indicate the need to
evaluate the potential hazards of the waste in greater detail.

Identified Constituents of Potential Concern

Exhibits 5-2 and 5-3 present the results of the comparisons for gasifier ash total analyses and leach
test analyses, respectively, to the screening criteria. These exhibits list all constituents for which sample
concentrations exceed a relevant screening criterion.

Of the 58 constituents analyzed in the ash solids, only uranium-238, thallium, arsenic, and chromium
concentrations exceed the screening criteria. Among these constituents, uranium-238, thallium, and arsenic
exceed the screening criteria with greater frequency and magnitude. However, only arsenic is present at a
concentration that exceeds a screening criterion by a factor of more than 10. These exceedances of the
screening criteria indicate the potential for a variety of impacts, as follows:

Exhibit 5-2
Potential Constituents of Concern In Coal Gas Ash Solids®

—_
No. of Times Constituent No. of Analyses
Potential Constituents Detected/No. of Analyses Human Health Exceeding Criteria/No. of
of Concern for Constituent Screening Criteria®™ Analyses for Constituent
Uranium-238 e : inbalation” 1/1
' Redlation"®! . 141
Thallium 3/3 Ingestion 2/3
Arsenic 375 " ingestion” 3/5
Inhalation 3/5
Chromium 4/4 Inhalation” 1/4
-

(@) Constituents listed in this table are present in at least one sampie at a concentration that exceeds a relevant screening
criterion. The screening criteria values are shown in Exhibit 2-3. Constituents that were not detected in a given sample
were assumed not to be present in the sample.

(b) Human health screening criteria are based on exposure via incidental ingestion and inhalation. Human health effects
include cancer risk and noncancer health effects. Screening criteria noted with an '™ are based on & 1x10° Iifetime
cancer risk; others are based on noncancer effects.

(c) Includes direct radiation from contaminated land and inhalation of radon decay products.
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Exhibit 5-3
Potential Constituents of Concern In Coal Gas Ash Leachate®
No. of Times Constituent No. of Anaiyses
Potential Constituents Detected/No. of Anaiyses Exceeding Criteria/No. ot
of Concern for Constituent Screening Criteria®™ Analyses for Constituent

Arsenic 35/59 Human Health™ 35/59

Resource Damage 4/59

Aquatic Ecological 2/%59
Lead 27 /59 Human Health 10/59

Resource Damage 27 /59

Aquatic Ecological 5/59
Silver 7/58 Human Health 1758

Resource Damage 1/58

Aquatic Ecological 7/58
Selenium 19 /59 Resource Damage 2/88

Aquatic Ecological 2/59
Mercury 7/89 Aquatic Ecalogical §5/59
Chromium 10/59 Resource Damage 1/59

Aquatic Ecological 1/59
Sulfate™® 171 Resource Damage 171
Aluminum(© 2/2 Aquatic Ecological 242
Molybdenum 8/3 Resource Damage 3/3
Barium 49/59 Resource Damage 2/59

mm |

(a) Constituents listed in this table are present in at least one sample at a concentration that exceeds a relevant screening

criterion. The screening criteria values are shown in Exhibit 2-3. Constituents that were not detected in a given sample
were assumed not to be present in the sample. Unless otherwise noted, the constituent concentrations used for this
analysis are based on EP leach test results.

(b) Human health screening criteria are based on cancer risk or noncancer heaith effects. ‘Human health® screening
criteria noted with an *™* are based on 1x10°° lifetime cancer risk; others are based on noncancer effects.
(c) Data for this constituent are from SPLP test results.
. Uranium-238 concentrations exceed the radiation screening criterion by a factor of

almost 4, suggesting that the ash could pose an unacceptable radiation risk if the ash
were used in an unrestricted manner (e.g., direct radiation doses and doses from the
inhalation of radon could be unacceptably high if people were allowed to build homes
on top of the ash or if the ash were used for construction purposes).

d Uranium-238, arsenic, and chromium concentrations in the ash may be present in
concentrations that exceed the inhalation screening criteria. This suggests that if small
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particles from the ash are blown into the air in a high concentration (equal to the
National Ambient Air Quality Standard for particulate matter), chronic inhalation of
these constituents could cause a cancer risk exceeding 107, As discussed in the section
on release/transport/exposure potential, however, such large exposures to windblown
particles are generally not expected at the Beulah facility.

. Thallium and arsenic may be present in the ash at concentrations that exceed the
incidental ingestion screening criterion, suggesting that these constituents couid pose
health risks if small quantities of the ash are routinely ingested over a long period of
time (i.e., more than about seven years). Arsenic concentrations could pose a cancer
risk of greater than 1x1073, while thallium concentrations could cause adverse central
nervous system effects.

Of the 24 constituents analyzed in the leach tests, the following 10 constituents are present at
concentrations that exceed the screening criteria based on water pathway risks: arsenic, lead, silver, selenium,
mercury, chromium, sulfate, aluminum, molybdenum, and barium. All of these constituents are inorganics that
do not degrade in the environment. Arsenic, silver, and lead are of relatively greater concern because their
concentrations in the ash leachate exceed the screening criteria with the greatest frequency and magnitude.
Arsenic concentrations exceeded the human health (drinking water) screening criterion in almost 60 percent
of the samples analyzed; the median arsenic concentration exceeded the criterion by a factor of 8, and the
maximum exceeded by a factor of 1,100. Silver concentrations exceeded the aquatic ecological screening
criterion in 12 percent of the samples, and the maximum silver concentration exceeded the criterion by a factor
of 370. No other constituents are present in concentrations that exceed screening criteria by a factor of 10.
In addition, no constituents were detected in concentrations that exceed the EP toxicity regulatory levels.

These exceedances of the screening criteria indicate the potential for the following types of effects
under the following conditions:

. If leachate from the ash were released to ground or surface water, and diluted less than
tenfold during migration to a drinking water source, long-term chronic ingestion may
cause adverse health effects due to the presence of arsenic, lead, and silver. The arsenic
concentrations in the diluted ash leachate may pose a significant (i.e., > 1x10° 3 lifetime
cancer risk if ingested.

J Coal gasifier ash leachate contains arsenic, lead, silver, selenium, chromium, sulfate,
molybdenum, and barium in concentrations that exceed the water resource damage
screening criteria. This suggests that if leachate from the ash is released and migrates
into ground or surface water with a tenfold dilution or less, the resulting concentrations
of these constituents may be sufficient 10 restrict the potential future uses of the
affected water (e.g., render stream water unsuitable for irrigation or for drinking water
supply unless treated).

o Arsenic, lead, silver, selenium, mercury, chromium, and aluminum concentrations in the
ash leachate exceed the aquatic ecological screening criteria, suggesting that these
constituents may present a threat to aquatic ecological receptors if the leachate migrates
(with less than 100-fold dilution) to streams, rivers, or lakes.

These exceedances of the screening criteria, by themselves, do not demonstrate that the ash poses a
significant risk, but rather indicate that it may present a hazard under a very conservative, hypothetical set of
release, transport, and exposure conditions. To determine the potential for the ash to cause significant
impacts, EPA analyzed the actual conditions that exist at the sole facility that generates and manages the waste
(see the following section on release, transport, and exposure potential).
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Coal Gasification Process Wastewater Constituents of Potential Concern

Using the same process summarized above for gasifier ash, EPA identified constituents in coal
gasification process wastewater that may present a hazard by collecting data on the composition of this waste,
and evaluating the intrinsic hazard of the chemical constituents present in the process wastewater.

Data on Coal Gasification Process Wastewater Composition

EPA's characterization of the process wastewater and its leachate is based on data from a 1989
sampling and analysis effort by EPAs Office of Solid Waste (OSW) and industry responses to a RCRA §3007
request in 1989. These data provide information on the concentrations of 20 metals, a number of other
inorganic constituents (i.e., ammonia, ortho-phosphate, and phosphorus), and 159 organic constituents in total
and leach test analyses.

Concentrations in total sample analyses of the process wastewater are consistent for most constituents
across the two data sources. For antimony, however, the results differ significantly. EPA did not detect
antimony in the wastewater at a detection limit of 0.025 mg/L while industry data show antimony to be present
at concentrations almost five orders of magnitude higher. Concentrations from the two types of leach test
analyses (i.e., EP and SPLP) of the process wastewater generally are similar. However, EP leach test data from
the two sources -- 1989 OSW sampling and analysis and industry response to the RCRA §3007 request -- differ
considerably (no SPLP data were provided by industry). Among the eight constituents for which EP leach test
data are available from EPA and industry, four constituents (i.e., arsenic, chromium, mercury, and selenium)
are detected in EPA analyses at concentrations that are one or two orders of magnitude higher than in
industry analyses.

The following evaluation of constituents in the process wastewater is based on concentrations detected
in total analyses of the wastewater. Leach test analyses are generally similar to total analysis results, although
a smaller number of constituents in concentrations above the screening criteria are identified in the leachate
(possibly because of the filtration step involved in leach test analyses). Several of the inorganic constituents
with EP toxicity regulatory levels (arsenic, cadmium, chromium, lead, mercury, and selenium) were measured
in higher concentrations in total analyses than leach test analyses.

Identified Constituents of Concern

Exhibit 5-4 presents the results of the comparisons of coal gasification process wastewater constituent
concentrations to the screening criteria. This exhibit lists all constituents for which at least one sample
concentration exceeds a relevant screening criterion.

Of the 182 constituents analyzed in the process wastewater, only 19 are present at concentrations that
exceed the screening criteria: phosphorus, phosphate, antimony, mercury, arsenic, thallium, molybdenum,
selenium, nickel, iron, copper, manganese, lead, cadmium, cobalt, chromium, acetonitrile, phenol, and pH.
Seven of these -- phosphorus, phosphate, antimony, mercury, arsenic, thallium, and phenol -- were present in
concentrations in the process wastewater that exceed the screening criteria with greatest frequency and
magnitude (i.e., maximum concentrations of these constituents exceed a screening criterion by more than a
factor of 10, and more than one-third of all samples analyzed for the constituent exceed the criterion). None
of the constituents, however, were detected in concentrations above the EP toxicity regulatory levels, and the
wastewater does not exhibit the hazardous waste characteristics of corrosivity, ignitability, or reactivity.
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Exhibit 5-4
Potential Constituents of Concern In Coal Gas Process Wastewater (total) (@)
No. of Times Constituent No. of Analyses
Potential Constituents Detected/No. of Analyses Exceeding Criteria/No. of
of Concern for Constituent Screening Criteria® Analyses for Constituent
Phosphorous h741 Aquatic Ecological 2/2
Phosphate 11 Aquatic Ecological 1n
Antimony 213 Human Health 2/3
Resource Damage 2/3
Aquatic Ecological 213
Mercury 5/6 Resource Damage 1/6
Aquatic Ecological 5/6
Arsenic 38 Human Health’ 3/8
Resource Damage 2/8
Thallium 23 Human Health 2/3
Molybdenum 213 Resource Damage 23
Selenium 5/8 Resource Damage 5/8
Aquatic Ecological 1/8
Nickel 23 Humen Health 113
Resource Damage 1/3
Aquatic Ecological 2/3
lron 3/3 Resource Damage 2/3
Copper 373 Aquatic Ecological 2/3
Manganese 3/3 Resource Damage 1/3
Cobalt 213 Resource Damage 113
Lead 2/8 Human Health 1/8
Resource Damage 2/8
Aquatic Ecological 1/8
Cadmium a2’ Human Health 1/8
Resource Damage 1/8
Aquatic Ecological 1/8
Chromium 9/10 Resource Damage 110
Acetonitrile a2 Human Health 2R
Phenol 22 Resource Damage 2R
pH 1 Resource Damage 11
P — — m—
(a) Constituents listed in this table are present in at least one sampie at a concentration that exceeds a relevant screening

criterion. The screening criteria values are shown in Exhibit 2-3. Constituents that were not detected in a given sample
were assumed not to be present in the sample.

(b) Human health screening criteria are based on cancer risk or noncancer health effects. *“Human health® screening
criteria noted with an ™ are based on 1x107 lifetime cancer risk; others are based on noncancer effects.
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These exceedances of the screening criteria have the following implications:

. Antimony, arsenic, thallium, acetonitrile, nickel, lead, and cadmium may be present in
seepage from the process wastewater surge pond at concentrations that exceed the
human bealth screening criteria. This suggests that if the wastewater is released 1o
useable ground or surface water, these constituents could cause adverse human health
effects via long-term chronic ingestion of drinking water, if it is diluted by only a factor
of 10 during migration to drinking water supplies. Exposures to arsenic in the diluted
leachate could pose a lifetime cancer risk of greater than 1x107.

. Phenol, antimony, mercury, arsenic, molybdenum, selenium, nickel, iron, manganese,
lead, cadmium, cobalt, and chromium are present in the process wastewater at
concentrations that exceed the water resource damage screening criteria. This indicates
that if the wastewater migrates into ground water with less than a 10-fold dilution or
migrates into surface water with less than a 100-fold dilution, the resulting con-
centrations of these contaminants could render the water resources unsuitable for a
variety of uses (e.g., drinking water, livestock watering, irrigation, consumption of fish
that live in contaminated water bodies). The wastewater is also alkaline (pH 10) and
could threaten water resources if it were to raise the pH of receiving waters to above
8.5 standard units.

. If process wastewater were released to nearby surface waters (with less than 100-fold
dilution), phosphorus, phosphate, antimony, mercury, selenium, nickel, copper, lead, and
cadmium could pose a risk to aquatic life.

As discussed above for coal gas ash, these exceedances of the screening criteria, by themselves, do not
demonstrate that the process wastewater poses a significant risk, but rather indicate that the wastewater may
present a hazard under a very conservative, hypothetical set of release, transport, and exposure conditions.
To determine the potential for the wastewater to cause significant impacts, EPA proceeded to the next step
of the risk assessment to analyze the actual conditions that exist at the facility that generates and manages the
waste.

Release, Transport, and Exposure Potential

This section describes the actual release, transport, and exposure potential of the coal gasification
wastes as they were generated and managed at the Beulah plant in 1988. For this analysis, the Agency did not
assess the hazards of off-site use or disposal of the wastes, because the wastes are currently managed only on-
site (although it is conceivable that ash with certain properties could be used off-site in the future in the
manufacture of cement or concrete products). In addition, the following analysis does not consider the risks
associated with variations in waste management practices or potentially exposed populations in the future
because of a lack of data on which to base forecasts of future conditions. Alternative practices for the
management of gasifier ash and process wastewater are discussed in Section 5.5.

Ground-Water Release, Transport, and Exposure Potential

The waste characterization data discussed above indicate that leachate from the waste ash contains
10 constituents at concentrations that exceed the conservative screening criteria. Similarly, the characterization
of the process wastewater identified 19 constituents that exceed the screening criteria. These wastes contain
from 2 to 7 constituents that exceed screening criteria related 1o ground water by factors of at least 10,
although no contaminants were detected in concentrations that exceed the EP toxicity regulatory levels. The
constituents in the waste ash leachate and process wastewater that are expected to be readily mobile in
groundwater are phosphorus, phosphate, mercury, molybdenum, selenium, cadmium, chromium, and sulfate.
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Differences in the characteristics of the management units used to dispose of the gasifier ash and store
process wastewater contribute to substantial differences in the potential ground-water hazards posed by these
wastes as they are currently managed.

. The gasifier ash landfill has a liner of recompacted local clay, but does not have any
other type of ground-water controls such as a leachate collection system.

. The surge pond that is used to temporarily store the process wastewater has multiple
engineered controls to limit seepage to ground water. This pond has a double liner --
comprised of separate layers of synthetic material and recompacted local clay -- and has
both primary and secondary leachate collection systems.

As a consequence of these controls, the potential for releases of process wastewater from the surge
pond is limited to a large extent, while the potential for releases from the landfill is higher. In fact, ground-
water monitoring data from the Dakota facility provides evidence that the ash landfill may be contributing to
ground-water degradation. The Dakota facility reported that drinking water standards for nitrate, sulfate,
chloride, pH, and total dissolved solids had been exceeded in downgradient monitoring wells. The facility
attributes these exceedances to possible ambient ground-water quality problems in this area; Section 5.3.2
provides further discussion of these monitoring data.

The hydrogeologic characteristics at the site indicate a potential for contaminants to migrate into
ground water: net recharge in the vicinity of the facility is moderate (10 cm/year), and ground water is very
shallow (0.3 to 0.6 meters beneath the landfill). These factors, in combination with the relatively high
leachability of the ash and the limited ground-water release controls at the landfill indicate a high potential
for contaminants to migrate from the ash landfill into underlying ground water. The controls on the surge
pond should significantly limit migration of the wastewater.

Although the facility reported that the aquifer underlying the facility is not being used for any
purpose, mapping data indicate that there are two residences between 900 and 1,600 meters (1 mile)
downgradient of the facility that appear to be located outside of areas covered by local water distribution
systems, and, therefore, may rely on private water sources (e.g., private wells). Consequently, leachate from
the landfill could damage the value of the aquifer as a potential resource, but the potential for current human
exposures is low because of the large distance (> 900 meters) to the small population (i.e., two residences)
that may rely on ground water downgradient of the site as a drinking water supply.

Surface Water Release, Transport, and Exposure Potential

In theory, constituents from the gasifier ash in the landfill or process wastewater in the surge pond
could enter surface waters by (1) migration of leachate or seepage through ground water that discharges to
surface water or (2) direct overland run-off of dissolved or suspended materials from the landfill or surge pond.

The potential for release and transport of gasifier ash and process wastewater contaminants to surface
water appears limited by the relatively low precipitation in the area (37 cm/year), the presence of stormwater
run-off controls designed to limit erosion from the landfill and overflow of the surge pond, and the gentle
topographic slope (0 to 2 percent) that also limits erosion potential. In addition, while there is an on-site
stormwater diversion ditch and a nearby intermittent stream, the facility is far removed from perennial water
bodies that may be used: the nearest perennial stream is 10 km (6 miles) downslope and this stream
discharges into the Knife River approximately 15 km away. Because the facility is not located in or near a 100-
year floodplain, large episodic releases and subsequent overland transport due to flooding are also unlikely.

Despite these mitigating factors, releases to surface water from the ash landfill may have occurred.
As discussed in Section 5.3.2, a State of North Dakota Notice of Violation indicates that gasifier ash
management practices at this facility "probably resulted in some surface water degradation.'6 Although the

¢ North Dakota State Department of Health and Consolidated Laboratories. 1987. Interdepartmental Memorandum from S. Tillotson
to B. Dellmore, through M. Schock, Re: ANG Notice of Violation. 7/20/87.
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notice does not clarify this statement, the degradation is likely confined to the on-site drainage ditch and
nearby intermittent stream, potentially caused by either stormwater run-off or discharge of contaminated
ground water from the landfill. These waters are unlikely to be used for human consumption, but any
contamination in them potentially could be harmful to aquatic organisms.

Should contamination from this site reach the distant Knife River or its tributary, either by overland
run-off or through ground-water infiltration, the relatively large annual average flow (600 mgd) of the river
could rapidly assimilate (dilute) the contamination. Consequently, contamination from gasifier ash and process
wastewater appear to pose a minimal threat to potential uses of the river or to its aquatic life. To the best
of the Agency’s knowledge, no population currently relies on the river as a regular drinking water source in
the vicinity of the Dakota facility, and no current human health risks from drinking water exposures are
expected.

Air Release, Transport, and Exposure Potential

Air pathway risks from ash and process wastewater involve two different release pathways. The
constituents that exceed the screening criteria in gasifier ash -- uranium-238, arsenic, and chromium -- are
nonvolatile inorganics that can be released to air only as wind-blown particles (dust). Acetonitrile and phenol
conceivably could pose inhalation risks through volatilization from the process wastewater. The concentrations
of these constituents in the wastes represent relatively low human health risks (as indicated by relatively low
ratios of the maximum concentrations to screening criteria).

Factors that determine the potential for inorganic constituents of the gasifier ash to be suspended in
air are the particle size of the ash, the exposed surface area of the landfill, the moisture content of the ash,
the use of dust suppression controls, and wind speeds in the vicinity of the facility. The potential for exposure
to airborne contaminants depends on the distances from the landfill to nearby residences and the population
in the area. In general, particles that are < 100 micrometers (um) in diameter are wind suspendable and
transportable. Within this range, however, only particles that are < 30 wm in diameter can be transported
for considerable distances downwind, and only particles that are < 10 um in diameter are respirable.

Although some fraction of the ash may exist as particles that can be suspended in air and cause
airborne exposure and related impacts, the vast majority of the gasifier ash is comprised of particles too large
to be suspended, transported, and respired. In addition to the generally large particle size, releases of the ash
are also limited by dust suppression practices and the moisture content of the ash as it is deposited in the
landfill. However, in the event that areas of the landfill surface become dry (e.g., if dust suppression is ceased
or provides incomplete coverage), a small fraction of the ash particles could be blown into the air because of
the large exposed area (approximately 5 hectares [12 acres]), the relatively small number of days with rain that
may suppress dust (54 days/yr), and the strong winds in the area (4.5 to 6.7 m/s). After the small, near-surface
particles are depleted, airborne emissions would again decline to low levels.

The ability of an organic constituent to volatilize from the wastewater depends on its Henry’s Law
constant, which is a measure of the constituent’s tendency to partition between water and air. A large Heary’s
Law constant indicates a greater propensity for an organic compound to volatilize from water. Because
acetonitrile and phenol have relatively high Henry’s Law constants, they may be released from the surge pond
by volatilization.

Evaluation of the location of potential exposure points indicates that the air pathway risks from these
wastes are relatively small. Winds at the Dakota facility blow most frequently in the WNW, W, S, WSW
directions. The nearest downwind residences in these directions are quite distant (i.e., 2.1, 1.5, 4.5, and 5.2
km, respectively) and the popuiation within 8 kilometers (5 miles) in these directions is very sparse (i.e., 13,
18, 8, 18 people, respectively). The population within a radius of 80 km from the facility is approximately
40,000. Considering the low inorganic constituent concentrations relative to air pathway screening criteria,
the low potential for release of dust from the landfill, and the great dispersion of airborne contaminants (both
volatiles and particles) that would occur during transport to exposure points greater than one kilometer away,
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there is a low potential for human exposure (and associated health risk) to dust blown from the ash landfill
or contaminants volatilized from the surge pond.

Proximity to Sensitive Environments

The coal gasification facility is not located in or near any environments that may facilitate
contaminant release and transport (such as floodplains, karst, and fault zones), that have high resource value
(such as National Parks), or environments that are especially sensitive t0 contaminant exposures (such as
wetlands and endangered species habitat).

Risk Modeling Results

Based upon the evaluation of the intrinsic hazard of gasifier ash and process wastewater, both wastes
contain a number of constituents in concentrations that may present a hazard under a very conservative set
of hypothetical release and exposure conditions. However, considering the actual conditions that exist at the
Beulah, ND facility, the potential for these wastes to cause significant human health or environmental impacts
is low. This conclusion is based on the following findings:

. Only arsenic and silver in coal gasifier ash and its leachate are present at concentrations
more than ten times the screening criteria; seven constituents in coal gas process
wastewater exceed the conservative screening criteria by a factor of 10 or greater; but
neither gasifier ash nor process wastewater exhibit any of the four characteristics of
hazardous waste.

. The potential for releases from the ash landfill and surge pond are limited by controls
such as liners, run-off controls, and dust suppression. Nevertheless, releases to ground-
and surface water from the ash landfill bave occurred. The potential for exposures to
released contaminants at concentrations of concern is relatively low given the large
distances to nearby residences and perennially flowing surface water.

This conclusion is supported by the information on documented damage cases (presented in the next section)
and the Agency’s risk modeling results for other wastes that appear to pose a greater hazard than the coal
gasification wastes. Therefore, in accordance with the risk assessment methodology outlined in Chapter 2, the
Agency has not conducted a quantitative risk modeling exercise for these wastes. Section 5.3.3 below discusses
the basis for the assessment of moderate hazard in more detail.

5.3.2 Damage Cases

State and EPA regional files were reviewed in an effort to document the performance of waste
management practices for gasifier ash and process wastewater at Dakota Gasification’s active facility in Beulah,
North Dakota, and at two inactive coal gasification facilities: Ashland in South Point, Ohio; and Fairfield in
Fairfield, Jowa.” The file reviews were combined with interviews with State and EPA regional regulatory staff.
Through these case studies, EPA found documented environmental damages associated with the gasifier ash
management units at the Dakota Gasification facility.

Dakota Gasification Company, Beulah, North Dakota

The plant site is located on a broad valley that is underlain by the Antelope Valley or Beulah Trench
aquifer. The Beulah Trench interconnects with the aquifer associated with the Knife River Valley, which
serves as a water supply source for the communities of Beulah and Hazen, located approximately nine miles

7 Facilities are considered inactive for purposes of this report if they are not currently engaged in primary mineral processing.
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south and 14 miles southeast of the plant site, respectively. The mine used as the coal supply for the plant
is located immediately east of the facility site.®

As described earlier in this chapter, ash from the gasifier is quenched (with blowdown from the wet
scrubber system on the facility’s incinerator) and sluiced into one of four ash sumps where the ash is settled
from the slurry. The liquid recovered during the ash dewatering is recycled back to the ash quench and
stuicing area or used as makeup water to the liquid waste incinerator. The dewatered ash is trucked to an on-
site landfill.

The landfill area designated as SU-101 is currently the active portion of the landfill that receives
gasifier ash. Large pits within the SU-101 area are utilized for the disposal of the gasifier ash and other waste
streams. According to the North Dakota State Department of Health and Consolidated Laboratories
(NDSDHCL), at least 90 percent of all waste disposed in SU-101 consists of gasifier ash. Excess liquids from
the gasifier ash disposed in area SU-101 flows with any additional run-off to the adjacent sumps and may be
later pumped to the evaporation pond. Analytical data from August 1989 show that the pH of water in the
sump ranges from 12.7 to 13.7, while the arsenic concentration ranges from 13.8 mg/L to 22.0 mg/L, and the
selenium concentration ranges from 1.1 mg/L to 2.2 mg/L.>1%1!

In December 1985, NDSDHCL expressed concerns to ANG (the former owner of the facility)
regarding the levels of water in the run-off pond {sump] within the ash storage area, because of high pH and
high arsenic content in the run-off water. The Department stated that the disposal of gas ash containing
excess liquids must be discontinued immediately.!?

In July 1987, NDSDHCL Division of Waste Management and Special Studies prepared a
memorandum that summarizes letters written and inspections conducted relating to ANG’s gasifier ash
dewatering system and disposal area. This memorandum requested the issuance of a Notice of Violation 10
ANG for improper waste handling procedures relating specifically to the dewatering of gasifier ash, the
unauthorized placement of associated liquids and sludges having potentially hazardous characteristics in the
gasifier ash disposal area, and the spillage of ash, liquids and sludges during transport from the dewatering area
to the ash disposal area. The memorandum discusses ANG’s violations of the State’s Solid Waste
Management rules, including the unauthorized placement of liquid and semi-liquid wastes in a landfill not
permitted for such wastes, the unauthorized improper construction and operation of the disposal site, the
inadequate protection of surface water in violation of permit conditions, and the spillage of liquids, siudges,
and ash during transport. As stated in the memorandum: "ANG’s [practices have] . . . increased the potential
for groundwater degradation and [have] probably resulted in some surface water degradation."13

According to the NDSDHCL, Dakota Gasification discontinued the use of unlined ponds for the
disposal and storage of liquid bearing wastes in 1988. Ponds since mid-1988 have at least a clay liner. The
most recently completed pond has a composite liner. The state also noted that although the liquid bearing
wastes are still being disposed into a clay lined landfill, excessive run-off is directed into a pond with a
composite liner.}4 :

According to monitoring reports submitted by DGC to NDSDHCL presenting quarterly data from
April 1988 to June 1989, monitoring wells around a portion of the landfill area indicated significant differences

8 North Dakota State Department of Health and Consolidated Laboratories (NDSDHCL). 1989. Letter from S. Tillotson to C.
Greathouse, Re: Dakota DGC SU-101. December 21.

9 NDSDHCL. 1990. Personal Communication with S. Tillotson. January.

19 Dakota Gasification Company. 1989. Letter from D.R. Guminski, Environmental Manager, to M. Shock, NDSDH. November 17.
11 NDSDHCL. 1990. Letter from S. Tillotson to C. Greathouse, Re: DGC SU-101. February 20.

12 NDSDHCL. 1985. Letter from M. Schock to G. Weinreich, ANG, Re: SU-049. With Attachments. December 12.

13 NDSHDCL. 1987. Interdepartmental Memorandum from S. Tillotson to B. Dellmore, through M. Schock, Re: ANG Notice of
Violation. July 20.

14 NDSDHCL. 1990. Letter from S. Tillotson to K. McCarthy, ICF, Re: Dakota Gasification Company SU-101. May.
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in downgradient wells as compared to upgradient wells. From five to six total samples taken from upgradient
wells 15, 16, and 17, Electrical Conductivity (EC) averaged 4,790 umhos/cm,; sulfates (SO,) averaged 1,248
mg/L; and total dissolved solids (TDS) averaged 3,638 mg/L. From eight total samples taken from
downgradient wells, 14, 18 and 24, EC averaged 11,870 umhos/cm; SO4 averaged 7,056 mg/L; and TDS
averaged 11,569 mg/L.

Monitoring well analytical data in a DGC report dated February 22, 1989, indicated that three
additional wells near the ash disposal area had exhibited "increased concentrations” of some constituents.
Analysis of samples from one of these wells revealed increased mean specific conductance (15,000 pmhos/cm),
as well as increased mean concentrations of sodium (3,000 mg/L), sulfates (11,000 mg/L), and TDS
(17,000 mg/L). Background, or upgradient data, were not provided. The other two wells contained similar
concentrations, and over a period of one year or less, historical data document the increases in these
constituent levels (Exhibit 5-5).13

5.3.3 Findings Concerning the Hazards of Coal Gasification Wastes

Based upon the detailed examination of the inherent characteristics of coal gasifier ash and process
wastewater, the management practices that are applied to these wastes, the environmental setting in which the
materials are managed, and the documented environmental damages that have been described above, EPA
concludes that these wastes pose a low risk to human health and the environment.

Intrinsic Hazard of the Wastes

Review of the available data on constituent concentrations in gasifier ash and its leachate indicates
that only arsenic and silver exceed one or more of the screening criteria by more than a factor of 10, though
maximum concentrations of these two constituents exceed the screening criteria by a wide margin (1,100 in
the case of arsenic and 370 in the case of silver). Based on one sample result, the concentration of uranium-
238 exceeds the radiation screening criterion by almost a factor of four, suggesting that uranium and its decay
products could pose an unacceptable radiation risk if the ash were used in an unrestricted manner. Combined
with the fact that the ash does not exhibit any of the four hazardous waste characteristics, these findings lead
EPA to conclude that the intrinsic hazard of this waste is low to moderate. These data also suggest that the
documented ground-water contamination described above in Section 5.3.2, was caused, at least in part, by
wastes other than gasifier ash that had been co-disposed in the ash landfill.

Exhibit 5-5
Increases in Concentrations of Selected Constituents
in Two Gasifier Ash Disposal Area Monitoring Wells (1987 - 1988)

Net increase in Parameter Value Between
Sampling Periods
ot $0, : Na Spec. Cond. D8
Well (mg/L) mgA) (mg/L) {zmhos/cm) (mg/L)

I WO04018 3,910 840 1,125 11,290 -
I W04020 2114 525 877 5,200 3,759
ettt sttt e———————————————————————— ) |

5 Dakota Gasification Company. 1989. Letter from A.C. Lukes to S. Tillotson, NDSDH, Re: Ground-water Monitoring Assessment
Plan--SU-049. February 22. |
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Review of the available data on process wastewater constituent concentrations indicates that 19
constituents exceed one or more of the screening criteria and that seven exceed the criteria by more than a
factor of 10. The available data also indicate that the waste does not exhibit any of the four hazardous waste
characteristics. As a result, EPA believes that the intrinsic hazard of this waste is moderate.

Potential and Documented Dangers

Evaluation of the potential for release, transport, and exposure through the ground-water, surface
water, and air pathways indicates that potential releases of contaminants in the process wastewater are limited
by engineered release controls, and that improper construction and waste handling at the ash landfill has
caused past releases to ground- and surface water. Nevertheless, the potential for current exposures to any
released contaminants is low because of the relatively large distance from waste management units to potential
exposure points.

Releases to ground water from the surge pond are unlikely because this unit is double-lined and has
two leachate collection systems. In contrast, the documented case of danger to human health and the
environment indicates that the design and operation of the ash landfill do not control the release of coal
gasifier ash or other contaminants to ground water. Any ground-water contamination arising from the ash
landfill at present, however, is unlikely to threaten human health or ground-water use given the relatively low
levels of contamination in ash leachate, the current lack of use of ground water in the area, and the relatively
large distance to existing downgradient residents where exposures could occur.

Releases from the process wastewater surge pond to surface water via ground-water discharge are
limited by the ground-water controls mentioned above, and overland flow of surge pond overflow is limited
by run-off controls. The damage case indicates that surface water degradation may have occurred due to ash
management practices, but it is unlikely that contamination from the ash would pose significant threats to the
Knife River or its tributaries given the large distance to the river and its perennial tributaries and the large
flow of the river. Residual contamination in a drainage ditch and nearby intermittent stream, however, may
adversely affect aquatic organisms living in these habitats.

Releases to air are limited by dust suppression at the landfill. In addition, any contaminants released
in windblown ash or volatilized from the surge pond would pose a small risk because of the large distance (>
1 km) to the nearest residence in a predominant wind direction.

Conclusions

Based on the low to moderate degree of intrinsic hazard of the wastes, the limited potential for
release, transport, and exposure via the ground-water, surface water, and air pathways, and the limited evidence
of documented cases of danger to human health or the environment from current waste management practices,
EPA concludes that the potential danger posed by coal gasifier ash and process wastewater from coal
gasification is limited. Accordingly, the Agency has investigated current applicable regulatory requirements
and alternative waste management and utilization, but has not examined in detail the costs and associated
impacts of additional regulatory requirements.

5.4 Existing Federal and State Waste Management Controls

5.4.1 Federal Regulation

EPA is unaware of any specific Federal management control or pollutant release requirements that
apply specifically to coal gasifier ash or process wastewater from coal gasification.
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5.4.2 State Regulation

The single coal gasification facility addressed by this report is located in Beulah, North Dakota. The
State of North Dakota excludes mineral processing wastes from its hazardous waste regulations, but classifies
the coal gasification wastes generated at the Beulah facility as "special wastes” under the state’s solid waste
regulations. Under this approach, North Dakota currently regulates the disposal of gasifier ash by requiring
that the landfill into which the ash is placed be permitted. Permit requirements include standards for liners,
closure, and post-closure care. Unlike the landfill requirements, North Dakota has not required that the
process wastewater pond at this facility be permitted. The state, however, did ensure that liners and other
engineering controls were used by the facility in constructing the pond. North Dakota is in the process of
amending its solid waste regulations, which as proposed would require the permitting of surface impoundments
used for coal gasification process wastewater storage and management. The extent and nature of any
additional technical criteria applied to these units or to gasifier ash landfills, however, cannot be predicted.
Finally, although North Dakota’s air pollution control rules include provisions for control of particulate matter
releases from industrial processes, the air permit for the Beulah facility does not directly address the facility’s
waste management units.

5.5 Waste Management Alternatives and Potential Utilization

As noted above, the available data indicate that gasifier ash and process wastewater do not exhibit
any of the characteristics of hazardous waste. Consequently, the issue of how a gasification facility might
modify its operations or waste management practices or be stimulated to develop alternative uses for the ash
in response to prospective hazardous waste regulation is moot. Nevertheless, this section provides a brief
summary of current coal gas waste management practices and potential areas of utilization.

Coal Gasification Process Wastewater

The process wastewater has an average pH of 9.8 with approximately 0.2 percent solids. Instead of
being used as make-up water for the cooling system, the process wastewater could be treated and discharged,
although the practicality of this option is limited because the facility is located in a water short area. In
addition, the wastewater could be treated to remove contaminants prior to use in the cooling system. This
approach would be less efficient than current practices, however, because the efficiency with which
contaminants can be removed from the wastewater generally increases with increasing concentration, and use
of the wastewater in the cooling system increases the contaminant concentrations through evaporation.

Coal Gasifier Ash

Although none of the ash currently being generated is sold for commercial use, ash with sufficient
pozzolanic properties could be used in the manufacture of cement and concrete products. However, the levels
of uranium-238 and other contaminants make it uncertain whether utilization of the ash in this fashion would
be adequately protective of human health and the environment. In addition, utilization requires an available
market and it is not clear that a significant market exists near enough to the facility to be economical.

Alternative approaches to disposal would include installation of a synthetic liner and leachate
collection system in the on-site landfill and run-off pond.

5.6 Cost and Economic Impacts

Because the available data indicate that gasifier ash and process wastewater do not exhibit any of the
characteristics of hazardous waste, the issues of how waste management costs might change because of new
requirements associated with regulation as hazardous wastes under RCRA Subititle C for these wastes and what
impacts such costs might impose upon affected facilities is moot. Consequently, no incremental costs or
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associated economic impacts would result from a decision to remove the mining waste exclusion for these
wastes.

5.7 Summary

As discussed in Chapter 2, EPA developed a step-wise process for considering the information °
collected in response to the RCRA §8002(p) study factors. This process has enabled the Agency to condense
the information presented in the previous six sections of this chapter into three basic categories. For each
special waste, these categories address the following three major topics: (1) potential for and documented
danger to human health and the environment; (2) the need for and desirability of additional regulation; and
(3) the costs and impacts of potential Subtitle C regulation.

Coal Gasifier Ash

Potential and Documented Danger to Human Heaith and the Environment

The intrinsic hazard of coal gasifier ash is low to moderate as compared to other mineral processing
wastes studied in this report. The ash does not exhibit any of the four characteristics of hazardous waste, and
data on constituent concentrations in solid samples and laboratory leachate of the ash indicate that only two
constituents are present in concentrations greater than 10 times the screening criteria used in this analysis.
The ash, however, may contain uranium-238 and its decay products in concentrations that could pose an
unacceptable radiation risk if the solids were allowed to be used in an unrestricted manner.

In addition to the relatively low to moderate intrinsic hazard of this waste, current management of
the ash at the coal gasification facility in Beulah, North Dakota (the only facility addressed by this report)
appears to limit the potential for the ash to threaten human health or the environment. Although there is
the potential for release of constituents to ground water at the North Dakota facility, as evidenced by
documented releases of contaminants to ground water underlying the ash landfill, the potential for significant
risks resulting from drinking water exposure is low because of the relatively large distance from waste
management units to potential exposure points. Similarly, threats to human health and the environment from
releases to surface water are limited by the large distance to the nearest downgradient perennial streams and
the relatively large flow of the Knife River. The release of contaminants to the atmosphere is limited by dust
suppression measures at the landfill, and in any case, would pose a small risk because of the large distance to
the nearest residence.

Environmental damages associated with the Dakota Gasification ash management facility have been
documented by the State of North Dakota, and reveal that drainage from an ash landfill was observed to have
pH values of 12.7 1o 13.7, arsenic concentrations of 13.8 to 22.0 mg/L, and selenium concentrations of 1.1 to
2.2 mg/L. EPA believes, however, that these high levels are caused in large part by wastes other than the ash
that were co-managed in the landfill, because leach test analyses of the ash by itself show significantly lower
concentrations. In addition, as discussed above, the potential for significant exposures to this contamination

appears low.

Likelihood That Existing Risks/Impacts Will Continue in the Absence of Subtitle C Regulation

The relatively low to moderate intrinsic hazard of the waste and the waste, management practices and
environmental conditions that currently limit the potential for significant threats to human health and the
environment are expected to continue in the future in the absence of more stringent federal regulation. The
character of the ash is unlikely to change in the future, and despite the fact that the analysis of potential
dangers is limited to the one active site at which the waste is currently managed, EPA believes that the
conclusion of low hazard can be extrapolated into the future unless coal gasifier ash is managed in locations
that are closer to potential exposure points. However, it is unlikely, for two reasons, that risks would occur
at other locations in the future. First, without the kind of subsidy provided for the construction of the existing
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facility, it is unlikely that economic conditions would favor the construction and operation of new facilities
in the near future. Second, gasifier ash is not currently used or disposed off-site, though there is a slight
possibility that ash with certain properties could be used at alternate sites in the future for the manufacture
of cement and concrete products.

The potential for increased risks from gasifier ash management in the future is further restricted by
substantial State regulation of the ash landfill. North Dakota’s regulatory program excludes gasifier ash
generated at the Beulah facility from hazardous waste regulation, addressing it instead as a "special waste"
under the State’s solid waste rules. Under this approach, North Dakota currently regulates the disposal of
gasifier ash by requiring that the landfill into which the ash is placed be permitted. Permit requirements
include standards for liners and closure. The State is currently in the process of amending its solid waste
regulations, though the likely effects of these amendments on coal gasifier ash management and disposal are
not clear.

Costs and Impacts of Subtitle C Regulation

Because of the low risk potential of gasifier ash, the general absence of documented damages
associated with this material, and the fact that this waste does not exhibit any characteristics of hazardous
waste, EPA has not estimated the costs and associated impacts of regulating gasifier ash from coal gasification
under RCRA Subtitle C.

Coal Gasification Process Wastewater

Potential and Documented Danger to Human Health and the Environment

The intrinsic hazard of coal gasification process wastewater is moderate compared to other mineral
processing wastes studied in this report. The process wastewater does not exhibit any of the four
characteristics of hazardous waste. Data on constituent concentrations in the wastewater, however, indicate
that seven constituents are present in concentrations that exceed the screening criteria used in this analysis
by at least a factor of 10.

Although the intrinsic hazard of this wastewater is moderate, current management of the wastewater
at the Dakota Gasification facility in North Dakota appears to limit the potential for this waste to threaten
human health or the environment. Releases from the surge pond to surface or ground waters are considered
unlikely because of the pond’s double synthetic liner, leachate collection systems, and run-off controls. In
addition, any contaminants released by the volatilization, seepage, or run-off of the process wastewater would
pose little risk because of the large distance to potential exposure points.

The lack of documented cases of damage attributed to coal gasification process wastewater confirms
that the waste, as currently managed, appears not to cause significant health or environmental impacts.
Review of State and EPA Regional files and interviews of State and EPA Regional regulatory staff did not
produce any evidence of documented environmental damages attributable t0 management of process
wastewater at the active Dakota Gasification facility and two inactive coal gasification facilities.

Likelihood That Existing Risks/Impacts Will Continue in the Absence of Subtitie C Regulation

The relatively low hazard posed by current management of coal gasification process wastewater is
expected to continue in the future in the absence of Subtitle C regulation. The characteristics of this waste
are unlikely to change in the future, and despite the fact that the analysis of potential dangers is limited to
the Dakota Gasification facility, EPA believes that the conclusion of low hazard can be extrapolated into the
future unless coal gasification process wastewater is managed in locations that are closer to potential exposure
points or in ponds with less comprehensive release controls. However, it is unlikely that risks would occur
at other locations in the future because construction of new gasification facilities is not foreseen and it is
unlikely that the wastewater would be managed off-site.
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The potential for increased risks from coal gasification process wastewater management in the future
is further restricted by substantial State regulation of "special waste” management units. North Dakota’s
regulatory program excludes coal gasification process wastewater generated at the Beulah facility from
hazardous waste regulation, addressing it instead as a "special waste” under the State’s solid waste rules. The
State has not required that the process wastewater ponds at this facility be permitted, though the State did
ensure that liners and other engineered controls were adopted in the construction of the surge pond. North
Dakota is currently in the process of amending its solid waste reguiations, which would require the permitting
of process wastewater surge and cooling ponds, though the extent of permit requirements and their effect on
the management and disposal of the wastewater is not clear.

Costs and Impacts of Subtitle C Regulation

Because of the low risk potential of process wastewater from coal gasification and the absence of
documented damages associated with this material and the fact that this waste does not exhibit any
characteristics of hazardous waste, EPA has not estimated the costs and associated impacts of regulating
process wastewater from coal gasification under RCRA Subtitle C.



Chapter 6
Primary Copper Processing

The domestic primary copper processing industry analyzed in this report consists of ten facilities that,
as of September 1989, were active and reportedly generating one or more of the following mineral processing
special wastes: slag (i.e., smelter, converter, and/or anode furnace slag), slag tailings, or caicium sulfate sludge
from wastewater treatment. These ten primary processing facilities' conduct a variety of smelting and refining
operations, including electrolytic reﬁning.2 The data included in this section are discussed in additional detail
in a technical background document in the supporting public docket for this report.

6.1  Industry Overview

The majority of the copper consumed in the U.S. is used in the electrical industry. It is used for a
wide range of wiring applications (from power transmission lines to printed circuit boards), in microwave and
electrical tubes, motors and generators, and many other specialized applications where its high electrical and
thermal conductivity can be employed. While copper has been replaced in some applications by aluminum
(e.g., for overhead power lines) and fiber optics (e.g., in telecommunications), its durability, strength, and
resistance to fatigue assure its continued use in the electrical industry. These latter three characteristics also
make copper and copper alloys a valued material in construction and containment (e.g., pipes and tanks), and
in other applications where endurance and resistance to corrosion are required.

The ten facilities in this study consist of four primary smelting and fire-refining facilities; four primary
smelting, fire-refining, and electro-refining facilities; and two primary fire and electro-refining facilities, as
shown in Exhibit 6-1. These facilities are located in five states, with nine of the ten facilities located in the
Southwest. The dates of initial operation for these facilities range from 1912 to 1984; the average age is
approximately 33 years. Most of the facilities have undergone modernization; the most recent in 1989. The
total annual primary copper smelting production capacity is approximately 1.27 million metric tons per year
of anode copper; the primary copper refining capacity is about 1.33 million metric tons per year of refined
copper.

Primary production of copper in the U.S. has steadily increased throughout the late 1980s. Between
1986 and 1989, production from domestic and imported materials increased by 38 percent. Imports of refined
copper for consumption have decreased by 40 percent (from 502,000 metric tons to 300,000 metric tons) since
1986, while exports have increased 833 percent (from 12,000 metric tons to 100,000 metric tons). Total
apparent consumption has risen slightly from 2,136,000 metric tons in 1986 to 2,250,000 metric tons in 1989.4
Several companies have announced plans for improvements and expansions of existing facilities or opening
new facilities in the early 1990s that would further increase the supply of copper coming from the U.S.
ASARCO plans to expand its mining capacity and to employ a new flash smelting process at its El Paso, Texas
facility.® Kennecott has announced plans to increase production at its Utah copper operation by 32,000

! In addition to the 10 primary facilities, several secondary processing facilities are operating; the operations conducted at these
facilities, however, fall outside the definition of primary mineral processing and, thus, do not generate special mineral processing wastes.

2 At least seven additional facilities concentrate copper at stand-alone electrowinning operations. These are, however, considered
beneficiation operations, as long as they do not use as primary feedstock, materials that have undergone mineral processing operations,
e.g., smelting and refining, (see 54 FR 36592, September 1, 1989). These facilities, their operations, and the wastes that they generate are
not within the scope of this report.

3 Bureau of Mines, 1985. Mineral Facts and Problems, 1985 Ed., p. 206-7.
4 Janice Jolly and Daniel Edelstein, U.S. Bureau of Mines, Mineral Commodity Summaries, 1990 Ed., p. 52.

3 Tim O'Neil,"ASARCO: Plant Expansions and Modernizations Continue Amidst Company Restructuring,” Mining Engineering, June
1989, p. 430.
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Exhibit 6-1
Primary Copper Processing Facilities
Presence of Operation Type
Smeiter and Electrolytic
Owner Location Converter Anode Furnace Refinery
ASARCOD Amarillo, TX No Yes Yes
ASARCO El Paso, TX Yes Yes No
ASARCO Hayden, AZ Yes Yes No
RTZ/Kennecott Garfield, UT Yes Yes Yes
Copper Range White Pine, MI Yes Yes Yes
Cyprus Claypool, AZ Yes Yes Yes
Magma San Manusi, AZ Yas Yes Yes’
Phelps Dodge El Paso, TX No Yes Yes
Pheips Dodge Hurley, NM Yes Yes No
Phelps Dodge Playas, NM Yes Yes No

metric tons per day.® Finally, Mitsubishi has announced its mtentlon to build a smelter at Texas Clty, Texas
that would produce 150,000 metric tons of blister copper per year

The demand for copper is closely tied to the overall economy, and demand has remained relatively
flat through the late 1980’s. Future demand depends upon the health of the economy in the 1990s. Almost
40 percent of the 1988 U.S. consumption of copper went to the building and construction industries, while
about 23 percent was used by the electrical and electronic industries. Industrial machinery and equipment,
the power generation industry, and the transportation industry together consumed 38 percent of the copper
produced in 19882 Clearly, the development of new infrastructure in the U.S. and abroad would increase
the worldwide demand for copper, but consumption per unit of new gross product would be less than that in
the past because substitutes for copper are often used in a number of industries. For example, new telephone
infrastructure is being based upon fiber optic technology rather than copper to a significant degree.’
Continued re-opening of mothballed copper facilities, expansion of existing facilities, and development of new

mines could lead to copper supplies increasing faster than demand.

As seen in Exhibit 6-2, primary copper production operations include, in general, smelting, converting,
fire refining in an anode furnace, and electrolytic refining. The products from each operation, respectively,
are copper matte, blister copper, copper anodes, and refined copper. The term "copper smelting" is sometimes
used 1o refer to the combined operations of smelting (in reverberatory, electric, or flash furnaces), converting,
and often, when co-located, fire refining. For purposes of this report, smelting will refer to the initial step,
in which the concentrate is first fused (i.c., heated to a point above the melting point of the mineral value).

¢ "Kennecott Expanding Utah Copper,” E&MJ, February 1990, p. 14.

7 Simon D. Strauss, "Copper: 1989 Was a Good Year; 121st Annual Survey and Outlook,” E&MJ, March 1990, p. 19.
8 "Copper's Future is as Clear as the Economy,” E&MJ, January 1990, p. 15.

9 Ibid.

10 Ibid,
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Exhibit 6-2
Primary Copper Processing
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Smelting involves the application of heat to a charge of copper ore concentrate, scrap, and flux, to
fuse the ore and allow the separation of copper from iron and other impurities. Several types of smelting
furnaces are in use in the U.S., as shown in Exhibit 6-3. In all operations the furnaces produce two separate
molten streams: copper-iron-sulfide matte and slag. The smelter slag, a special waste, is essentially a mixture
of flux material, iron, and other impurities; the slag is typically hot dumped (i.e., poured into a storage/disposal
pit or pile while still molten) and air cooled or cooled with water, or cooled with water (granulated) prior to
dumping. The slags from some smelting furnaces are higher in copper content than the original ores taken
from the mines. These slags, therefore, may be sent to a concentrator and the concentrate returned to the
smelter. The waste portion of this slag processing operation is the second special waste, slag tailings from
primary copper processing. Three facilities report reprocessing their slag, thereby generating slag tailings, a
special waste.

The copper matte from the smelter furnace is typically routed hot to the converter furnace; some
facilities have actually combined these operations. In either case, a high-silica flux and compressed air or
oxygen are introduced to the molten matte. Most of the remaining iron combines with the silica to form
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 Exhibit 6-3
Summary of Furnace Types
Facility Furnace Type
ASARCO, El Paso Reverberatory (with pre-roast)
ASARCO, Hayden Flash (Outokumpu)
RTZ/Kennecott Noranda Reactor (Continuous Process)
Copper Range Reverberatory
Cyprus Electric
Magma Fiash (Outokumpuy)
Pheips Dodge/Hurley INCO Fiash
,_a.._Phelps Dodge/Playas Electric and Flash (Outokumpu)

converter slag, a special waste.1l After removing the slag, additional air or oxygen is blown in to oxidize the
sulfur and convert the copper sulfide to blister copper that contains about 99 percent copper; the sulfur is
removed in the form of SO, gas, which reports to an acid plant where it is converted to high grade sulfuric
acid. Depending on the efficiency of the acid plant, some amount of SO, is emitted to the atmosphere.

Oxygen and other impurities in blister copper must be removed before the copper can be fabricated
or cast into anodes for electrolytic refining. Blister copper is fire refined in reverberatory or rotary furnaces
known as anode furnaces; all ten facilities operate anode furnaces. When co-located, the furnace may receive
the blister copper in molten form so remelting is unnecessary. Air is blown in to oxidize some impurities; flux
may be added to remove others. A slag is generated during this anode furnace operation. This slag is also
a component of the special waste.!2 The final step in fire refining is the reduction of the copper and oxygen
removal using reformed natural gas of logs (poting) while it is still in the anode furnace, after which the
molten copper may be cast into anodes for further electrolytic refining or wire-rod forms.

Electrolytic refining, the final refining operation, does not directly generate a special waste and is not
described in detail for this report. Along with the operations described above, however, electro-refining does
produce various aqueous waste streams (€.g., process wastewater, bleed electrolyte) that must be treated and
discharged, reused, or disposed in some manner. Many of the facilities use a wastewater treatment operation
to treat these wastes. Two of the ten facilities, the Hayden, AZ and Garfield, UT facilities, use a treatment
process employing lime as an additive to neutralize the wastewaters and precipitate dissolved metals. The solid
residual from these treatment operations is a calcium sulfate sludge, which is the third special waste generated
by the primary copper sector.

6.2 Waste Characteristics, Generation, and Current Management Practices

The three special mineral processing wastes generated by copper processing operations, slag, slag
tailings, and calcium sulfate wastewater treatment sludge, are discussed separately below.

1 Most if not all converter slag is recycled directly back to the smelter. When this occurs, this recycled material is not a solid waste
(see 40 CFR Part 261).

12 Most if not all anode furnace slag is recycied directly back to the converting furnace. When this occurs, this recycled material is
not a solid waste (sce 40 CFR Part 261).
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6.2.1 Slag from Primary Copper Processing

Slag from the smelting, converting, and anode furnaces is generated at eight of the ten facilities; the
other two facilities (in Amarillo and El Paso) do not have smelting operations and produce only small
quantities of anode furnace slag. Waste characteristic and generation rate data typically have not been
reported for converter and anode furnace slag, as the slags are directly recycled. Because of the difference in
generation rates and management of smelter slag versus converter and anode furnace slag (i.e., nearly all
converter and anode furnace slag is recycled), smelter furnace slag is discussed separately from converter and
anode slags.

Smelter Slag

Smelter slag is molten when tapped from the reactors and solidifies into a glassy, rock-hard mass upon
cooling. When crushed, pieces of the copper slag may range in size from gravel to boulder, or even larger.
The SWMPF Surveys describe the slag as a solid; typically gravel or cobble sized; and composed primarily of
iron silicates, calcium oxide, and alumina (aluminum oxide), with small amounts of copper, lead, zinc, and
other metals. The specific gravity of the slag is usually between 3.0 and 3513

In 1988, the eight active smelters generated approximately 2.5 million metric tons of smelter slag.
On an individual facility basis, the quantity generated at the six smelters that provided non-confidential data
ranged from about 165,000 to nearly 500,000 metric tons. The smelter slag to copper anode production ratio
is approximately 2.2 (i.e, 2.2 metric tons of smelter slag are generated for every ton of copper anode
produced).

At all eight copper smelters, smelter slag is initially deposited on waste piles. In five cases, the waste
piles are for temporary storage. At three of these five facilities, the slag is subsequently processed in a
concentrator and the resulting concentrate is returned to the smelter. At another facility, the slag is moved
to a pile at the edge of a tailings pond for disposal, and at the fifth, the slag is, in part, sold. At the three
remaining facilities, the slag is disposed of in the waste piles and remains there indefinitely.

Three smelters process all their smelter slag either in their ore concentrator (San Manuel and White
Pine) or, in the case of the Utah facility, in a stand-alone slag concentrator. The process streams resulting
from this operation are slag tailings, discussed below as a separate special waste, and a copper concentrate
which is sent to the smelter as feedstock. Information on the stockpiles of smelter slag at two of these
facilities was not reported. At the White Pine facility, the slag is dumped in a slag pile covering 24 hectares
(60 acres) and 3 meters (10 feet) in height, from which the slag is periodically removed and sent to the
concentrator. This slag dump has accumulated as of 1988, 1.36 million metric tons of slag; having been used
as a disposal unit for some years. In 1988, however, more slag was removed from the dump for slag processing
(212,000 metric tons) than was generated from the smelter (165,000 metric tons).

The temporary slag pile at the ASARCO/EI Paso facility which, in 1988 sold its slag, is much smaller
in comparison to the disposal piles, with a basal area of 0.9 hectares (2.1 acres) and 6 meters (20 feet) high;
450,000 metric tons of slag had accumulated as of 1988.

Four facilities (Hayden, AZ, Claypool, AZ, Playas, NM and Hurley, NM) dispose of all or part of the
slag in on-site slag piles or slag dumps. The Claypool facility disposes of its slag in a pile at the edge of a
tailings pond. As of 1988, the basal area of these slag piles ranged from 7 to 26 hectares (17 to 64 acres), and
the height from 6 to 45 meters (20 to 150 feet.) The amount of slag accumulated in any one of these slag piles
ranges from 2.7 to 20.9 million metric tons.

Using available data on the composition of copper smelter slag, EPA evaluated whether the slag
exhibits any of the four characteristics of hazardous waste: corrosivity, reactivity, ignitability, and extraction

B Collins, RJ. and R.H. Miller, Availability of Mining Wastes and Their Potential for Use as Highway Material - Volume [:
Classification and Technical and Environmental Analysis, FHWA-RD-76-106, prepared for Federal Highway Adminisiration, May 1976,
p. 113,
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procedure (EP) toxicity. Based on available information and professional judgment, EPA does not believe the
slag is corrosive, reactive, or ignitable, but some slag may exhibit the characteristic of EP toxicity. EP leach
test concentrations of all eight inorganic constituents with EP toxicity regulatory levels are available for copper
smelter slag from seven of the ten facilities of interest. Of these constituents, cadmium and lead
concentrations, in one sample from just one facility (Phelps Dodge at Playas, NM), were found to exceed the
EP regulatory levels. Cadmium was present at concentrations in excess of 8.5 times the regulatory level, in
one of 70 samples. Likewise, lead concentrations exceeded the EP regulatory level in one of 68 samples, by
a factor of roughly three. Because the slag samples that failed the EP toxicity test were not analyzed using
the SPLP leach test, it is not clear if cadmium and lead concentrations would have exceeded the EP toxicity
levels if the SPLP test had been used.

Converter and Anode Furnace Slag

Approximately 380,000 metric tons of converter and anode slag are generated annually, ranging from
nearly 29,000 to just over 244,000 metric tons for the six non-confidential facilities with smelting operations;
the one non-confidential electrolytic refinery generated only 1,200 metric tons of anode furnace slag.

The primary management practice for both the converter and anode furnace slag is recycling. The
eight facilities that have smelters and, therefore, converter operations, all recycle their converter slag back to
the smelter furnace and their anode furnace slag back to their converter. ASARCO/Amarillo and Phelps
Dodge/El Paso each operate a stand-alone refinery with an anode furnace; both ship their anode furnace slag
back to one of their two company-owned smelters for resmelting. Temporary waste piles are used to store the
slag before it is shipped off-site.

6.2.2 Slag Tailings from Primary Copper Processing

Slag tailings from primary copper processing is a solid material, typically composed of particles smaller
than sand, that is settled from a slurry. Only three facilities, those in Michigan, Utah, and San Manuel, AZ,
presently send their smelter slags to a concentrator and thereby generate slag tailings. At the Michigan and
San Manuel, AZ facilities, the same concentrator is used for both ore and slag, so the slag tailings and ore
tailings are co-generated. The Utah facility has separate concentrators for the ore and slag, but the slag
tailings and ore tailings are mixed prior to disposal. The primary constituents in slag tailings reportedly are
silicon, iron, magnesium, sodium; smaller amounts of copper, lead, and zinc; and other trace ¢lements.

Non-confidential waste generation rate data were provided to EPA by all three facilities generating
slag tailings. The aggregate annual industry-wide generation of slag tailings by the three plants was
approximately 1.5 million metric tons in 1988, yielding a facility average of nearly 504,000 metric tons per year.
Individual facility generation rates ranged from 206,000 to nearly 969,000 metric tons. The average waste-to-
product tonnage ratio (i.e., slag tailings to copper anode) for the three facilities was 1.4 in 1988.

Slag tailings are co-managed in on-site tailings ponds with tailings from ore beneficiation at all three
facilities. One facility, located in Michigan, has five tailings ponds on-site, while the other two facilities (in
Utah and Arizona) each have a single tailings pond. These ponds cover anywhere from 142 to 2,270 hectares
(352 10 5,600 acres) each. Industry-wide, these ponds cover a total area of 4,400 hectares, yielding a facility-
specific average of approximately 600 hectares. On average, the ponds are roughly 46 meters (150 feet) deep
(depth may range from 16 t0 61 meters).

The combined amount of slag tailings accumulated at all seven ponds, as of 1988, is approximately
12.6 million metric tons. The average quantity of slag tailings accumulated in each pond is roughly 1.8 million
metric tons, although it could range from 241,000 to 3.4 million metric tons. At all three facilities, slag tailings
constitute a relatively minor portion of the total tailings (slag plus ore/mill tailings) held in each of the tailings
ponds. Slag tailings at the Michigan plant range from 0.2 to 3.5 percent of the total tailings in the five ponds.
At the other two facilities, slag tailings are 0.3 and 2.6 percent of the total tailings managed in the ponds.
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Data available to EPA from site sampling visits and responses to a RCRA §3007 request, as well as
professional judgment, indicate that slag tailings do not exhibit any of the characteristics of hazardous waste
(i.e., ignitability, reactivity, corrosivity, or EP toxicity) at any of the facilities that generate the waste. These
data identify the concentrations of all eight inorganic EP constituents in slag tailings samples from two of the
three facilities (Garfield and San Manuel) that generate this waste. Using the EP leach test, all eight
constituents were measured in concentrations that were at least two orders of magnitude below the EP-toxicity
regulatory levels -- that is, below primary drinking water standards.

6.2.3 Calcium Sulfate Wastewater Treatment Plant Siudge
From Primary Copper Processing

Calcium sulfate sludge is generated only by the facilities in Hayden, AZ, and Garfield, Utah from lime
treatment of wastewaters (e.g., acid plant blowdown). At the Utah facility, the sludge reportedly consists
primarily of calcium sulfate (70 percent), with between 0.1 and 0.5 percent copper, zinc, and lead. Additional
metals are present in trace amounts.’* The total annual generation of calcium sulfate sludge is estimated
to be1 5approxirnately 140,000 metric tons per year and the average waste-to-product (smelter output) ratio is
0.42.

The waste management practice used at both facilities is accumulation of the sludge solids in an on-
site impoundment. At the Utah facility, two on-site surface impoundments are used for sludge storage. Both
impoundments have a surface area of about 2.2 hectares (5.5 acres); one impoundment is 2.3 meters (7 feet)
deep and the other is 3 meters deep. One impoundment is used to accumulate sludge, while sludge previously
accumulated in the second ("inactive”) impoundment is allowed to dry prior to dredging. The air-dried sludge
in the inactive impoundment is dredged and stabilized, and then disposed in a landfill that is located in a
designated area within the on-site tailings impoundment.

The Hayden, AZ facility also accumulates its calcium sulfate slurry in an on-site surface impoundment.
In 1988, approximately three percent of the sludge was dredged from the impoundment and recycled to the
flash furnace; the remainder was left to accumulate in the impoundment, which has an area of 3.35 hectares
(8 acres) and is 3.2 meters (10 feet) deep. The impoundment has an asphalt/rubber liner and run-on/run-off
controls; no leachate or wind dispersal controls are used.

Using available data on the composition of calcium sulfate wastewater treatment plant sludge, EPA
evaluated whether the waste exhibits any of the four hazardous waste characteristics: corrosivity, reactivity,
ignitability, and extraction procedure (EP) toxicity. Based on available information and professional judgment,
EPA does not believe that this waste is corrosive, reactive, or ignitabje, but it does exhibit the characteristic
of EP toxicity. EP leach test concentrations of all eight inorganic constituents with EP toxicity regulatory
levels are available for one of the two facilities of interest (Garfield). Of these constituents, arsenic, cadmium,
and selenium concentrations were found to exceed their respective regulatory levels. Concentrations of arsenic
and selenium exceeded EP-toxicity regulatory levels in all of the seven samples analyzed, by factors as high as
140 and 14, respectively. Cadmium concentrations exceeded the EP-toxicity threshold in six of the seven
samples, by as much as four times the regulatory level. On the other hand, SPLP leach test concentrations
of metals with EP-toxicity limits were below the EP-toxicity regulatory levels for all of the samples analyzed.

4 According to the EPA waste sampling and analysis data, the sludge from primary copper processing contains copper (0.154%), lead
(0.144%), arsenic (0.117%), iron (0.0351%), zinc (0.0232%), aluminum (0.0157%), and smaller amounts of antimony, banum, beryllium,
cadmium, cobalt, mercury, manganese, molybdenum, nickel, selenium, silver, thallium, and vanadium.

1 One of the two respondents to EPA’s 1988 survey indicated that the quantity of calcium sulfate sludge generated was confidential.
As a result, the estimated average quantity presented here is based on alternative data sources as discussed in the technical background
document.
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6.3 Potential and Documented Danger to Human Heaith and the Environment

In this section, EPA discusses two of the study factors required by Section 8002(p) of RCRA for
wastes generated in the copper processing sector: (1) potential risk to human health and the environment
associated with the management of copper slag, copper slag tailings, and calcium sulfate sludge generated at
copper processing plants; and (2) documented cases in which danger to human health and/or the environment
has been proven. Overall conclusions about the hazards associated with each of the three wastes are based
on the Agency’s evaluation of these two factors.

6.3.1 Risks Associated With Copper Slag

Any potential danger to human health and the environment from copper slag is a function primarily
of the composition of the slag, the management practices that are used, and the environmental settings of the
facilities where the slag is generated and managed. These factors are discussed separately below, followed by
EPA’s risk modeling results for this waste.

Constituents of Concern

EPA identified chemical constituents in copper slag that may present a hazard by collecting data on
the composition of slag, and evaluating the intrinsic hazard of chemical constituents present in the slag.

Data on Copper Slag Composition

EPA's characterization of copper slag and its leachate is based on data from three sources: (1) a 1989
sampling and analysis effort by EPA's Office of Solid Waste (OSW); (2) industry responses to a RCRA §3007
request in 1989; and (3) sampling and analysis conducted by EPAs Office of Research and Development
(ORD) in 1984. These data provide information on the concentrations of 21 metals and a number of
inorganic constituents (i.c., phosphorus, fluoride, sulfate, and nitrate) in total and/or leach test analyses, and
represent samples from all 10 facilities that generate copper slag.

Concentrations in total (solid) samples of the copper slag are consistent for most constituents across
all data sources and facilities. Arsenic and nickel concentrations, however, varied over three orders of
magnitude across the facilities.

Concentrations of constituents from leach test analyses of the copper slag generally are consistent
across the data sources, types of leach tests (i.e., EP, SPLP, and TCLP), and facilities. In the EP analyses,
however, chromium, zinc, and lead concentrations varied over approximately three orders of magnitude across
the facilities.

Process for Identifying Constituents of Concern

As discussed in detail in Section 2.2.2, the Agency evaluated the data summarized above to determine
if copper slag or slag leachate contain any chemical constituents that could pose an intrinsic hazard, and to
narrow the focus of the risk assessment. The Agency performed this evaluation by first comparing the
constituent concentrations to screening criteria and then by evaluating the environmental persistence and
mobility of constituents present in concentrations above the criteria. These screening criteria were developed
using assumed scenarios that are likely to overestimate the extent to which the slag constituents are released
to the environment and migrate to possible exposure points. As a result, this process identifies and eliminates
from further consideration those constituents that clearly do not pose a risk.
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The Agency used three categories of screening criteria that reflect the potential for hazards to human
health, aquatic ecosystems, and water resources (see Exhibit 2-3). Given the conservative (i.€., protective)
nature of these screening criteria, contaminant concentrations in excess of the criteria should not, in isolation,
be interpreted as proof of hazard. Instead, exceedances of the criteria indicate the need to evaluate the
potential hazards of the waste in greater detail.

Identified Constituents of Concern

Exhibits 6-4 and 6-5 present the results of the comparisons for copper slag (total) analyses and leach
test analyses, respectively, to the risk screening criteria. These exhibits list all constituents for which sample
concentrations exceed a screening criterion.

Of the 24 constituents analyzed in copper slag solids, arsenic, copper, lead, chromium, antimony,
silver, and nickel are present at concentrations exceeding the screening criteria (see Exhibit 6-4). Among these
constituents, arsenic, copper, and lead appear to pose the greatest potential threat because they were detected
in most (73 to 98 percent) of the samples analyzed, their concentrations in most (61 to 73 percent) analyses
exceed screening criteria, and their concentrations in samples from at least 5 of the 9 facilities exceed the
screening criteria. In addition, only arsenic, copper, and lead exceeded the screening criteria by more than a
factor of ten. All of these constituents are persistent in the environment (i.e., they do not degrade).

Exhibit 6-4
Potential Constituents of Concern in Copper Slag Solids(®)
No. of Times No. of Facllities
Constituent No. of Analyses Exceeding Criteria/
Potential Detected/No. of Exceeding Criteria/ No. of Facilities
Constituents Analyses Human Heaith No. of Anailyses for Analyzed for
of Concern for Constituent Screening Criteria® Constituent Constituent
I ———  —— —————  _ —— _——— _ —— ————  _ — ___— — — ——— ————
Arsenic 31/42 ingestion_ 31142 619
' inhsistion 26/ 42 519
Copper 44 / 45 Ingestion 28 /45 5/9
Lead 41 /43 Ingestion 31/43 6/9
Chromium 6/15 inhalation’ 3/15 3/8
Antimony 26/43 Ingestion 9/43 2/9
Siiver 37/50 Ingestion 25 /50 2/9
Nickel ‘ 2127 inhalation” 2127 119
e — —

(@) Constituents listed in this tabie are present in at least one aample from at least one facility at a concentration that
exceeds a relevant screening criterion. The conservative screening criteria used in this analysis are listed in
Exhibit 2-3. Constituents that were not detected in a given sample were assumed not to be present in the sampie.

(b) Human health screening criteria are based on exposure via incidental ingestion and inhalation. Human health etfects
inciude cancer risk and noncancer health effects. Screening criteria noted with an =™ are based on a 1x10°® lifetime
cancer risk; others are based on noncancer effects.
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Exhibit 6-5
Potential Constituents of Concern in Copper Slag Leachate(®

No. of Times No. of Facilities
Constituent No. of Analyses Exceeding Criteria/
Potential Detected/No. of _ Exceeding Criteria/ No. of Facilities
Constituents Analyses No. of Analyses for Analyzed for
of Concern tor Constituent Screening Criteria® Constituent Constituent
e —
Lead 46 1 69 Human Heaslth 15/ 68 6/10
Resource Damage 37169 7/10
Aguatic Ecological 12/ 69 6/10
Copper 14 /14 Human Health 2/14 2/8
Resource Damage 2/14 2/8
Aquatic Ecological 13/14 8/8
Assenic 24/70 Human Heslh® 24470 7/10
Resource Demage 2170 1/10
Molybdenum'® 1/2 Resource Damage 1/2 1/2
Cadmium 46 /7 Human Health &1 5110
Resource Damage 8/ M 5/10
Aquatic Ecological 7/N 5/10
Mercury 7/69 Aquatic Ecological 3/69 2/9
Iron 12/ 14 Resource Damage 2/ 14 2/8
Barium 28/70 Human Health 1/70 1/10
Resource Damage 1/70 1/10
Chromium 20/7 Resource Damage 1/ 1/%0
Aquatic Ecolopical "N 1/10
Manganese 5/14 Resource Damage 1/14 1/8
Zine 14 /14 Aquatic Ecological 1/14 1/9
e

(a) Constituents listed in this table are present in at least one sample from at least one facility at a concentration that
exceeds a relevant screening criterion., The conservative screening criteria used in this analysis are listed in
Exhibit 2-3. Constituents that were not detected in a given sampie were assumed not to be present in the sample.
Uniess otherwise noted, the constituent concentrations used for this analysis are based on EP leach test resuits.

{b) Human heaith scroonigg criteria are based on cancer risk or noncancer heaith effects. "Human health® screening
criteria noted with an "™ are based on a 1x107 Iifetime cancer risk; others are based on noncancer effects.
{¢) Data for this constituent are from SPLP leach test results.

These exceedances indicate the potential for the following types of impacts under the following
conditions:

. Arsenic, copper, lead, and to a lesser extent, antimony and silver concentrations exceed
the ingestion criteria. This indicates that, if the slag (or soil contaminated with the slag)
is incidentally ingested on a routine basis then constituents may cause adverse health
effects. The concentration of arsenic in the slag would pose a lifetime cancer risk of
greater than 1x1075 if incidentally ingested.

. Arsenic, chromium, and nickel concentrations exceed the health-based screening criteria
for inhalation. This indicates that these constituents could pose a cancer risk greater
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than 1x107 if slag dust were blown into the air and inhaled in a concentration that
equals the National Ambient Air Quality Standard for particulate matter.

Based on a comparison of leach test concentrations of the 24 constituents to the surface and ground-
water pathway screening criteria (see Exhibit 6-5), 11 contaminants were detected in concentrations above the
criteria. Lead, copper, arsenic, molybdenum, and cadmium are present in concentrations that exceed at least
one screening criterion in samples from at least 50 percent of all facilities at which they were analyzed. The
other six constituents are present in concentrations that exceed the screening criteria in samples from no more
than two of eight facilities. Maximum lead, copper, and arsenic concentrations exceed the screening criteria
by more than a factor of 100, and maximum concentrations of molybdenum, cadmium, and mercury exceed
the criteria by more than a factor of 10. The other constituents exceed the criteria by less than a factor of 10.
As discussed in Section 6.2.1, the only constituents that were measured in concentrations that exceed the EP
toxicity regulatory levels were cadmium (in 1 of 70 samples) and lead (in 1 of 68 samples).

. Concentrations of lead, copper, arsenic, cadmium, and barium in copper slag leachate
exceed health risk (drinking water) screening criteria. This indicates that, if slag
leachate were released and diluted by only a factor of 10 during migration to a drinking
water exposure point, long-term ingestion could cause adverse health effects due to the
presence of these constituents. The concentration of arsenic in diluted slag leachate
could pose a cancer risk of greater than 1x10™>

. Lead, copper, cadmium, mercury, chromium, and zinc in the slag leachate may present
a threat to aquatic organisms if it migrates (with a 100-fold dilution) to surface waters.

. Lead, copper, arsenic, molybdenum, cadmium, iron, barium, chromium, and manganese
in the slag leachate, if released and diluted by a factor of 10 or less, could restrict the
potential future uses of affected ground- and surface water resources.

These exceedances, by themselves, do not indicate that the slag poses a significant risk, but rather
indicate that the slag may present a hazard under a very conservative, hypothetical set of release, transport,
and exposure conditions. To determine the potential for the slag to cause significant impacts, EPA proceeded
to the next step of the risk assessment to analyze the actual conditions that exist at the facilities that generate
and manage the slag.

Release, Transport, and Exposure Potential

This analysis considers the baseline hazards of copper slag as it was generated and managed at the
10 plants of concern in 1988. For this analysis, the Agency did not assess the hazards associated with
variations in waste management practices or potentially exposed populations in the future because of a lack
of information adequate to predict future conditions. In addition, the following analysis does not consider the
risks of off-site disposal or use of the slag because the slag is disposed of only on-site. Although one facility
does sell its slag for off-site use and there is a potential for wider use of the slag in the future, insufficient
information about the conditions of off-site use is available to support a detailed assessment of risks.
Alternative slag management practices are discussed, however, in Section 6.5.

Ground-Water Release, Transport, and Exposure Potential

EPA and industry test data discussed above indicate that several constituents are capable of leaching
from copper slag in concentrations that exceed the screening criteria. However, considering the existing slag
management practices and neutral pH of the leachate, the only slag contaminants that are expected to be
mobile in ground water if released are arsenic, molybdenum, cadmium, and to a lesser extent, barium and
chromium. Exhibit 6-6 summarizes the key factors at each copper facility that affect the potential for these
constituents to be released into ground water and cause impacts through that pathway.
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Exhibit 6-6

Summary of Release, Transport, and Exposure Potential for Copper Slag

Facility

Reiease, Transport, and Exposure Potential for Copper Slag

Proximity to
Sensitive Environments

AMARILLO’

Ground water: Although moderate recharge (10 cm/year) and
permeable subsurface (80 percent sand), useable aquifer very deep
(73m below facility) and thus somewhat protected.

Surface water: No permanent water body within 1.6 km; a nearby
playa lake could be contaminated by shaliow ground-water dis-
charge, but water is present only intermittently; when present, water
may be used for livestock watering.

Alr:  Small number of wet days (66 days/year) and high wind
speeds (6.6 my/s) could lead to airborne dust and inhalation
exposures at closest residence 760 meters from the facility; sparse
population (5 people) within 1.6 km.

Not located in or near any
sensitive environments

ASARCO/EL PASO

Ground water: Temporary slag management area has no en-
gineered ground-water controls and ground water is shallow (3-6
meters), but releases are limited by low precipitation (20 cm/year)
and very low net recharge (0.5 cm/year); no drinking water wells
within 1.6 km of the facility.

Surface water: Overland releases to the Rio Grande River have
been documented (damage case); high potential for episodic
overiand releases to nearby river (76 meters) because of steep
topographic slope (6-12%) and the facility is located in a 100-year
floodplain; river has large flow (520 mgd) that yields significant
dilution; drinking water intake 4 km downstream (500,000 people
served).

Alr: Releases not controlied by dust suppression; small number of
wet days (41 days/year) that may suppress dust and wind speeds
up to 5.1 m/s could lead to airborne dust and inhalation exposures
at closest residence 90 meters from the tfacility; population within
1.6 km is 500.

Located in a 100-year
floodplain

HAYDEN

Ground water: Waste pile is not lined, annual precipitation is
moderate (50 cm/year) and subsurface is slightly permeable; very
low net recharge, i.e., 1.3 cm/year, creates iow potential for reieases
to shallow ground water located roughly 6 m below the land
surface; ground water does not appear to be used for any purpose.

Surface water: Routine overiand releases to nearby Gila River
(located 80 meters from the facility) limited by stormwater
runon/runoff controis and the gentie (0-2%) topographic siope in the
area; low potential for releases to surface water via seepage to
ground water, no consumptive uses of the river within 24 km;
moderate flow of the river (170 mgd) allows moderate dilution, and
therefore, possible ecological risks.

Alr: Releases not controlied by dust suppression; small number of
wet days (47 days/year), large exposed area of the pile, and wind
speeds up to 4.8 m/s could lead to airborne dust and inhalation
exposures at closest residence 90 meters from the facility; populs-
tion within 1.6 km is 2,200.

Not located in or near any
sensitive environments

No information is available on the slag management units at these sites. The information presented here is based
only on the environmental setting of the facility.
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Exhibit 6-6 (continued)

Summary of Release, Transport, and Exposure Potential for Copper Slag

Facility

Release, Transport, and Exposure Potential for Copper Siag

Proximity to
Senslitive Environments

WHITE PINE

Ground water: High potential for releases to ground water due to
absence of engineered controis, moderately shaliow depth to
aquifer (6-12 meters), high precipitation (73 cm/year), and relatively
high net recharge (18 cm/year); no drinking water wells within 1.6
km of the facility.

Surface water: Large annual precipitation and moderate topo-
graphic slope (up to 6%) together create potential for surface
erosion and overland runoff to a stream located 120 m from tacility;
however, siag pile equipped with stormwater run-on/run-off controls
surface water monitoring has indicated exceedances of drinking
water and ambient water quality standards; episodic overland
releases due to sudden snow-melt (maximum snow accumulation is
94 cmy/storm) and releases to surface water via sespage to ground
water could occur; stream has iow dilution capacity (42 mgd);
potential drinking water exposures could occur from a water supply
intake 5 km downstream.

Air: Dust suppression is not practiced but moderate number of wet
days (116 days/year) could control airborne dust; wind speeds up
to 4.7 m/s have the potential for producing airborne dust that couid
lead to potential airborne exposures at closest resident 730 meters
from the facility; population within 1.6 km is 1,200.

Located in a Fault Zone
and close to a National
Forest

GARFIELD'

Ground water: Releases to useable ground water limited by low
precipitation (40 cm/year) and net recharge (0.7 cm/year) and large
depth to the aquifer (90 meters) that is overlain with ciay, however,
monitoring shows ground water contamination has occurred;
contamination has not been attributed to copper slag; no drinking
water wells within 1.6 km.

Surface water: Episodic overland releases to the Great Salt Lake
(300 m from facility) could occur due to a flood-event or sudden
snow-melt (maximum snow accumulation is 102 cm); routine
overiand releases and releases via seepage to ground water are of
lesser concemn; low potential for exposure because the lake is not
used for drinking water.

Alr: Releases not controlied by dust suppression; smail number of
wet days (89 days/year) and wind speeds up to 4.9 m/s could lead
to airborne dust; significant potential for inhalation exposure
because population within 1.6 km is 10,000.

Located in a 100-year
floodplain and in a wet-
land

only on the environmental setting of the facility.

No information is available on the slag management units at these sites. The information presented here is based
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Exhibit 6-6 (continued)

Summary of Release, Transport, and Exposure Potential for Copper Slag

Faciliy

Release, Transport, and Exposure Potential for Copper Slag

Proximity to
Sensitive Environments

SAN MANUEL"

Ground water: No information is available on the ground-water
controls at the temporary cooling pits for the siag that is recycied;
releases to uppermost useable aquifer are significantly limited by
large depth to the useable aquifer (140 meters), moderate precipita-
tion and zero net recharge, and presence of an intervening layer of
impervious lake-bed deposits; closest drinking water well is located
150 m from the facility.

Surface water: Some potential for surface erosion because
moderate precipitation (50 cm/year), moderate topographic slope
{up to 6%) of the area, and moderate distance to nearby San Pedro
River (790 meters); very low dilution capacity (0.08 mgd) of the
stream could lead to ecological risks; no public water supply intake
within 24 km of the facility, but there is an intake for livestock
watering 1.2 km downstream.

Air: No information is available on dust suppression controls at the
slag cooling pits; airborne releases could be possible due to small
number of wet days (47 days/year) and average wind speeds up to
4.8 m/s; potential inhalation exposures could occur at closest
residence 330 meters fromn the facility; population within 1.6 km is
5,000.

Not located in, or near,
any sensitive environ-
ments

PHELPS DODGE/
EL PASO

Ground water: Low potential for releases to ground water because
of low precipitation (20 cm/year), very low net recharge (0.5
cm/year), large depth to aquifer (76 m), and presence of an asphalt
liner beneath the temporary siag pile; no drinking water wells within
1.6 km downgradient of the facility.

Surface water: Overland releases are limited by stormwater
runon/runoff controls and low precipitation; given low potential for
ground-water contamination, very uniikely that contaminants could
migrate via ground water into Gila River located 550 m away;
contaminants pose low risks to aquatic receptors because the river
has a large dilution capacity (515 mgd); no consumptive uses of
the river within 24 km.

Air: Releases not controlled by dust suppression; small number of
wet days (41 days/year) and average wind speeds up to 5.1 m/s
could lead to airborne dust and inhalation exposures at closest
residence 30 meters from the facility; significant exposures couid
occur because population within 1.6 km is 40,000.

Located in a Fault Zone

HURLEY

Ground water: Ground water monitoring has indicated con-
tamination, but the contamination has not been attributed to copper
slag; although no engineered ground-water controls and permeable
subsurface, the low net recharge (5 cm/year) and large depth to
ground water (30 m) help to limit releases from copper slag;
potential exposures could occur at drinking water well <100 meters
downgradient of the facility boundary.

Surface water: There are no surface water bodies within 24 km of
the facility.

Alr: Releases not limited by dust suppression controls; small
number of wet days (50 days/year) and average wind speeds up to
4.3 nvs could lead to airborne dust and inhalation exposures at
closest residence & meters from the facility; population within 1.6
km is 5,500.

—

Located in & 100-year
floodplain, Fault and
Karst Zones

No information is available on the slag management units at these sites. The information presented here is based
only on the environmental setting of the facility.



Chapter 6: Primary Copper Processing 6-15

Exhibit 6-6 (continued)

Summary of Release, Transport, and Exposure Potential for Copper Slag

Facliity

——

Release, Transport, and Exposure Potential for Copper Slag

Proximity to
Sensitive Environments

PLAYAS

Ground water: Potential for release to shallow aquifer (4 m) is
limited by low precipitation (26 cm/year) and zero net recharge;
potential for exposure is minimal because ciosest drinking water
well is more than 5§ km downgradient.

Surface water: Low potential for surface erosion because of low
precipitation and gentle topographic siope of the area; seepage of
contaminants to ground water that may discharge into the nearby
(480 m) Playas Lake is also limited; lake water is not used for
human consumption but is used for livestock watering.

Alr: Releases not limited by dust suppression controls; small
number of wet days (40 days/year) and average wind speeds up to
5.3 m/s could lead to airborne dust; however, potential for in-
halation exposures is relatively iow because the closest residence is
approximately 3.7 km from the facility, and there is no population
within 1.6 km.

Located in a Fault Zone,
and within 9 miles of an
endangered species hab-
itat

CLAYPOOL

Ground water: Releases are not limited by any engineered
ground-water controls; standing liquid over some part of the slag in
the tailings pond provides a leaching medium; contaminants could
leach into the permeable subsurface (high percentage of sand);
aquifer is very deep (91 to 116 m); potential drinking water expo-
sures could occur at municipal well 1.2 km downgradient (approxi-
mately 9500 peopie rely on this well).

Surface water: The closest surface water (Salt River) is 24 km
away.

Alr:  Release not limited by dust suppression controls; small
number of wet days (43 days/year) that could suppress dust and
average wind speeds up to 3.4 m/s could lead to airborne dust and
inhalation exposure at closest residence 60 meters from the facility;
population within 1.6 km is 1,000.

Located in a Fault Zone
and close to a National
Forest

No information is available on the siag management units at these sites. The information presented here is based
only on the environmental setting of the facility.
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Seven of the 10 facilities in this sector provided information on their copper slag management units
and it appears that, industry-wide, engineered ground-water controls are very limited. In addition to
engineered controls, the potential for contaminant releases to ground water and subsequent transport to
exposure points is determined by a number of site-specific factors, such as depth to ground water, precipitation
and net recharge, the presence of intervening confining layers/aquifers, and the distance to downgradient
drinking water wells. Considering these factors, the potential for contaminants to migrate into ground water
is high at two facilities (White Pine and Hurley) and the potential for exposure to this contamination appears
high at one facility (Hurley). The potential for contaminant migration and exposure at the other facilities is

low to moderate, as summarized below.

L]

Using only data on environmental settings, EPA evaluated the ground-water release, transport, and
exposure potential of the three facilities that did not provide information on their slag management units.
Based on limited data, it appears that the ground-water release, transport, and exposure potential is low at

At the ASARCOV/EI Paso, Playas, and Phelps Dodge/El Paso facilities, the potential for
slag contaminants to infiltrate into the underlying aquifers is significantly limited by low
precipitation (20 to 26 cm/year) and very low net recharge (0 to 0.5 cmfyear).
Furthermore, the slag pile at the Phelps Dodge/El Paso facility is lined with asphalt,
which provides limited control, and the ground water at this site is very deep (76
meters). Even if ground-water releases were to occur at these facilities, the potential
for current drinking water exposures is low because there are no known downgradient
drinking water wells within 1.6 km (1 mile) of the facilities.

Ground-water releases from the slag piles at Claypool and Hayden due to infiltrating
rainwater are also limited by low net recharge (i.e., 1 to 2.5 cm/year) at these facilities.
At the Claypool facility, because a part of the slag is submerged in liquids, there may
be a greater potential for contaminants to leach into the subsurface, but the useable
aquifer at this facility is very deep (at least 91 meters below the land surface) and thus
somewhat protected. If there is a release, current drinking water exposures are possible
at Claypool because a large number of people (9,500) rely on a municipal drinking
water well 1.2 km downgradient of the facility. According to the Hayden facility’s survey
response, ground water is not used for any purpose within 1.6 km (a mile) of the facility.

The potential for releases from the slag piles to ground water is relatively high at White
Pine and Hurley. At the White Pine facility, high rainfall (73 cm/year) and high net
recharge (18 cm/year) indicate that, despite the clay layer beneath the waste pile, some
amount of seepage from the pile could migrate to the moderately shallow aquifer (6 to
12 meters deep). Current drinking water exposures are unlikely at this facility because,
to the best of EPA's knowledge, there are currently no downgradient wells within mile.
Releases to ground water could, nevertheless, restrict the potential future uses of the
aquifer. Although net recharge at the Hurley facility is small (5 cm/year) and the
ground water is relatively deep, the permeable subsurface (60 percent sand, 30 percent
silt) may allow leachate caused by infiltrating rainwater to migrate to ground water.
Once in ground water, any contamination could migrate in a largely undiluted and
unretarded fashion in solution cavities that may exist in the karst underlying the site.
Potential drinking water exposures could occur at the nearest downgradient well located
less than 100 meters from the Hurley facility.

these three facilities.

At San Manuel, releases to ground water from the slag are not likely because there is
essentially no recharge to the aquifer at this location.

At the Garfield facility, factors that limit the formation and migration of leachate from
the slag management unit to the uppermost useable aquifer include the relatively low
precipitation (40 cm/year) and net recharge (0.7 cm/year), and the large depth to the
useable aquifer (90 meters) that is overlain by clay. The potential for current human
health impacts from ground-water contamination is expected to be minimal because, to
the best of EPA’s knowledge, there are currently no drinking water wells in the useable
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aquifer within 1.6 km (1 mile) downgradient of the facility. Shallow ground water is
hydraulically connected to the Great Salt Lake and is highly saline (not useable). Any
leachate from the slag, however, could restrict the potential future uses of the aquifer
as a resource.

. At the Amarillo facility, there is a potential for contaminants to migrate into shallow
ground water because there is a moderate net recharge (10 cm/yr) and permeable
subsurface. However, the potential for drinking water exposure is low because the
useable aquifer is very deep, 73 meters below the facility.

Surface Water Release, Transport, and Exposure Potential

Constituents from copper slag could, in theory, enter surface waters by migration of slag leachate
through ground water that discharges to surface water, or direct overland (stormwater) run-off of dissolved
or suspended slag materials. The concentrations of several constituents detected in copper slag leachate tests
(lead, copper, arsenic, molybdenum, cadmium, and to a lesser extent, mercury, iron, barium, chromium,
manganese, and zinc) confirm that the potential exists for slag contaminants to migrate into surface water in
a leached form. The potential for overland release of copper slag particles to surface waters is limited
considerably by the generally large size and the glassy form of the slag: the solidified mass of slag as well as
the large chunks of crushed slag are not readily eroded. A small fraction of the slag material, however, may
consist of fragments that are small enough to be erodible. Only particles that are 0.1 mm or less in size tend
to be appreciably erodible,!® and only a very small fraction of the copper slag solids are expected to be in
this size range.

Exhibit 6-6 summarizes the characteristics of each of the ten copper facilities that affect the surface
water release, transport, and exposure potential of copper slag. Based on environmental settings of the
facilities and the presence of stormwater run-on/run-off controls at the copper slag management units, the
potential for surface water contamination and human exposure due to releases from copper slag at the ten

facilities can be summarized as follows:*’
d Copper slag piles at Claypool and Hurley have a low potential for causing surface water
contamination because the facilities are very far from any streams, rivers, or lakes (at
least 24 km).

. At Phelps Dodge/El Paso and Playas, overland releases are limited by low precipitation
and gentle topographic slopes in the areas, as well as stormwater run-off controls at
Phelps Dodge/El Paso. Episodic releases are not of concern because neither facility is
located in a 100-year floodplain or in areas prone to high snow accumulation and
sudden snow-melts. Given the very low potential for ground-water contamination at
these sites, it is very unlikely that any contaminants originating from on-site slag
management units could seep through ground water and discharge into the Rio Grande
river located 550 meters from Phelps Dodge/El Paso or Playas Lake located 480 meters
from the Playas facility.

. The potential for overland releases to surface water at the Hayden facility is limited by
moderate rainfall (50 cm/year), gentle topographic slope, and the presence of
stormwater run-on/run-off controls. Releases to the nearby Gila River could occur,
however, by seepage of contaminants to the surficial aquifer that may discharge to the
river, although there appears to be a low potential for shallow ground-water contamina-
tion at this facility (see above). Because the river has a moderate flow rate (170 mgd),
any seepage entering the river will be only moderately diluted. The potential for human

16 As indicated by the soil erodibility factor of the USDA’s Universal Soil Loss Equation.

17 For three facilities that did not provide information on their temporary slag storage or slag cooling units, the copper slag was
assumed to be temporarily accumulated in relatively small stag piles or pits. This assumption may have the effect of overestimating risks
because releases are controlied solely by environmental conditions under this scenario.
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exposures to any surface water contamination caused by the Hayden facility is currently
minimal because the Gila River is not used for drinking water within 24 km down-
stream.

Assuming there are no stormwater run-on/run-off controls at the San Manuel facility’s
slag pits, there is a potential for overland releases to the San Pedro River located 790
meters away because of the moderate rainfall (50 cm/year) and moderately steep slope
(2 10 6%) in the area. Releases via seepage of contaminants through ground water are
not expected because there is essentially no recharge to ground water. Any surface
water contamination that is not sufficiently diluted could threaten aquatic life and
restrict potential beneficial uses of the river because the river’s low flow rate (0.08 mgd)
will not rapidly dilute contaminants. Currently, there are no drinking water intakes
from the river within 24 km.

At the Amarillo facility, it is possible for slag contaminants to migrate through shallow
ground water that may discharge to a nearby playa lake because of the moderate rainfall,
moderate net recharge, and permeable subsurface in the area (i.e., factors that enable
leachate from the slag pile to migrate to shallow ground water). Routine and episodic
overland releases are less likely because the rainfall is moderate, and the facility is not
located in a 100-year floodplain. Water is present in the lake only intermittently, but
when present, the water may be used for livestock watering.

The Garfield facility is located approximately 300 meters from the Great Salt Lake.
Routine overland releases of slag contaminants to the lake are limited by the gentle
topographic slope (0 to 2%) and the relatively low amount of precipitation in the area
(40 cm/year). Episodic overland releases could occur, however, in the event of a flood
(the facility is located in a 100-year floodplain) and sudden snow-melt (maximum snow
accumulation is 102 cm). It is also possible for slag contaminants to reach the lake by
seeping through ground water, although the potential for contaminant migration via
ground water appears low. Any releases to the Great Salt Lake from the slag at this
facility have a low potential for adversely affecting human health because the lake is not
used for drinking water.

The potential for release to surface water is relatively high at the ASARCO/EI Paso
facility; overland releases from the slag piles to the Rio Grande river (76 meters from
the facility) have been documented (see damage cases section). Any contaminants
reaching the river are likely to be diluted in the river’s large flow (520 mgd). If
sufficient dilution did not occur, the contamination could threaten aquatic life and the
potential beneficial uses of this river, as well as pose human health risks, because there
is a drinking water intake that serves almost 500,000 people approximately 4.3 km
downstream of the facility.

The potential for release of contaminants to surface water is also relatively high at the
White Pine facility. Releases via seepage of contaminants through ground water could
occur at White Pine because, as discussed above, some seepage from the pile could
migrate to the shallow aquifer that probably discharges to the river. Although unlikely,
episodic overland releases to the nearby river located 120 meters from the facility couid
also occur due to sudden snow-melts because the facility is located in an area with high
snow accumulation (94 cm maximum). Routine overland releases, however, are limited
by stormwater run-on/run-off controls and the moderate precipitation (73 cm/year) and
slope in the area. Current human exposures to any surface water contamination caused
by the White Pine facility are possible because there is an intake at a point 5.5 km
downstream.
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Air Release, Transport, and Exposure Potential

Because all of the constituents of concern are nonvolatile, copper slag contaminants can only be
released to air in the form of dust particles. Dust can be either blown into the air by wind or suspended in
air by slag dumping and crushing operations. Factors that affect the potential for such airborne releases
include the particle size of copper slag, the height and exposed surface area of the slag piles, the slag moisture
content, the use of dust suppression controls, and local wind speeds. The potential for exposure to airborne
dust depends on the proximity of the slag piles to people.

The form of copper slag -- a solidified glassy mass that, even when crushed, consists of large particles
such as gravel or cobbles -- significantly limits the potential for release of airborne dust. In general, particles
that are <100 micrometers (um) in diameter are wind suspendable and transportable. Within this range,
however, only particles that are <30 um in diameter can be transported for considerable distances downwind,
and only particles that are <10 um in diameter are respirable. The vast majority of copper slag is substantially
larger than 100 «m and thus should not be suspendable, transportable, or respirable. It is likely that only a
very small fraction of the slag will be weathered and aged (or crushed) into smaller particles that can be
suspended in air and cause airborne exposures and related impacts.

Other factors that affect the potential for airborne release and exposure vary on a site-specific basis,
though not to a large extent, as follows:

. At the Hayden, Hurley, and Claypool facilities, the slag piles range from approximately
6.9 t0 30 hectares (17 to 64 acres) in area and are 12 to 46 meters high. These piles are
not covered with either vegetation or a synthetic material, and the facilities do not use
any dust suppression controls, such as sprinkling water on the piles. The number of
days with rain, which may suppress dust, is also small (43 to 50 days/yr). As a result,
the surfaces of the slag piles are expected to be dry most of the time. Although there
are surely short term gusts of stronger winds, average wind speeds at these facilities
range from 3.4 to 4.8 m/s, which are strong enough to produce wind erosion of any fine
particles. Any windblown dust could lead to potential exposures at Hayden, Hurley,
and Claypool because at all three facilities, the nearest residence in a predominant wind
direction is less than 100 meters away and the population within 1.6 km (1 mile) ranges
from 1,000 to 5,500.

. At the Playas facility, the potential for airborne release is similar to the three facilities
discussed above. However, the potential for exposures is lower because the nearest
residence is 3.7 km away and there is no population within 1.6 km.

. The slag pile at the White Pine facility covers an area of 60 acres, is 3 meters high, and
is uncovered. Although the pile is not currently watered for the purpose of dust
suppression, there is a moderate number of days that have a small amount of
precipitation (116 days/yr) that should help keep the slag moist part of the time.
Average wind speeds range up to 4.7 m/s, though stronger winds occur on a short term
basis. If airborne dust is released, it could lead to potential exposures at the nearest
residence 730 meters from the facility, and could result in 1,200 people within 1.6 km
(1 mile) of the facility being exposed.

. At the Asarco/El Paso and Phelps Dodge/El Paso facilities, the slag piles are relatively
small (6 and 1 meter high, covering 0.8 hectares and 809 m? (2 and 0.2 acres)), making
the exposed area of the piles much smaller than the piles at the other facilities.
Nevertheless, the small number of days of precipitation to help keep dust down (41
days/yr) and average wind speeds of up to 5.1 m/s, which are strong enough to produce
wind erosion of any fine particles, could allow airborne dusting. Both facilities have a
residence within 100 meters of their boundaries where potential exposures could occur.
There are 40,000 people living within 1.6 km (1 mile) of the Phelps Dodge plant and
roughly 500 people within this distance of the Asarco facility.
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. For the three facilities that did not provide information on their siag management units
(Garfield, San Manuel, and Amarilio), factors such as low number of days of
precipitation (47 to 89 days/yr) and average wind speeds of 4.8 to 6.6 m/s, which are
strong enough to blow fine particles into the air, indicate that airborne releases could
occur. All three facilities have a residence within 1.6 km (1 mile) of their borders where
potential exposures could occur. The potential for exposure is highest at Garfield
(which has 10,000 people within 1.6 km and the nearest residence located 900 meters
away) and at San Manuel (which has 5,000 people within 1.6 km and the nearest
residence located 330 meters away). At the Amarillo facility, on the other hand, there
are only 5 people within 1.6 km of the facility and the nearest residence is 760 meters
away.

Proximity to Sensitive Environments

As summarized in Exhibit 6-6, seven of the ten copper facilities that generate copper slag are located
in or near environments that are either vulnerable to contamination or have high resource value.

. The Playas facility is located within 9 miles of a habitat for an endangered species, the
New Mexico Ridge-Nosed Rattlesnake. Given this distance from the site, releases of
copper slag contaminants from the facility are not likely to affect this habitat.

. The Asarco/El Paso, Garfield, and Hurley facilities are located in 100-year floodplains,
which creates the potential for large, episodic releases caused by flood events (although
such releases are generally unlikely).

. The Garfield facility is located in a wetland area (defined here to include marshes,
swamps, and bogs). Wetlands are commonly entitled to special protection because they
provide habitats for many forms of wildlife, purify natural waters, provide flood and
storm damage protection, and afford a number of other benefits.

. The Hurley facility is located in an area of karst terrain, characterized by sinkholes and
underground cavities developed in water-soluble rock (such as limestone or dolomite).
Solution cavities could permit any ground-water contamination originating from the on-
site slag to migrate in a largely unattenuated and undiluted fashion.

. The White Pine facility is located in a National Forest, and the Claypool facility is
located within a mile of a National Forest. Any contamination originating from slag at
these sites could have an adverse effect on the habitats and resources provided by these
forests.

. The White Pine, Claypool, Phelps Dodge/El Paso, Hurley, and Playas facilities are
located in fault zones. This creates the potential for damage to containment systems
for slag piles at these sites in the unlikely event of an earthquake.

Risk Modeling

Based on the preceding analysis of the intrinsic hazard of copper slag and the potential for slag
contaminants to be released into the environment, the Agency ranked copper slag as having a relatively high
potential to cause human health and environmental risks (compared to the other mineral processing wastes
studied in this report). Therefore, the Agency used the model "Multimedia Soils" (MMSOILS) to estimate
ground-water, surface water, and air pathway risks caused by the management of copper slag. Rather than
model all ten sites that generate and manage the slag individually, EPA modeled a hypothetical composite site
that consists of selected features from three different sites. In particular, EPA modeled:

. The median constituent concentrations in copper slag solids as measured at the facility
at Garfield, UT, and the median constituent concentrations in copper slag leachate as
measured at the facility in Playas, NM. In general, the concentrations of most
constituents measured in the slag and slag leachate at these facilities were higher than
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those measured at other facilities. The median concentrations at Garfield and Playas,
however, are only slightly greater than the medians observed elsewhere and thus
reasonably represent copper slag across the industry.

. The slag quantity, management practice, and environmental/exposure setting at the
facility in White Pine, MI. Of the ten facilities that generate and manage the slag, this
facility maintains one of the largest slag piles and has environmental and exposure
characteristics most likely to lead to high risks. These characteristics include the highest
net recharge of all ten sites, a relatively shallow water table, a useable aquifer beneath
the site, a relatively nearby and small stream that may be used for drinking water, and
relatively nearby residents that could be exposed to windblown dust. Although the slag
pile at White Pine is equipped with stormwater run-on/run-off controls, EPA
conservatively modeled the pile as if it had no controls to limit erosion.

By combining these generally typical waste stream contaminant concentrations with a set of "conservative”
environmental and exposure characteristics into one modeling scenario, the Agency believes that the risk
estimates presented below represent a reasonable upper bound of actual risks at the ten active primary copper
facilities.

Ground-Water Risks

Using the combined site features as described above, EPA modeled potential releases to ground water
from a hypothetical copper slag pile. EPA considered in this analysis the potential releases of arsenic,
cadmium, chromium, and molybdenum, which are the primary constituents of potential concern through the
ground-water pathway based on the analysis of copper slag leachate. In addition, EPA modeled the risks
caused by potential releases of lead to ground water, because along with cadmium, lead was detected in EP
leach tests in concentrations that exceeded the EP toxicity criterion. The Agency predicted the concentrations
of these constituents at the following locations downgradient from the slag pile: the facility property boundary
(150 meters), the nearest surface water body (120 meters), and, to analyze how far a contaminant plume might
spread, the distances of 50 and 500 meters. At each of the locations, the Agency compared the predicted
contaminant concentrations to cancer risk levels, threshold concentrations that could cause noncancer effects,
drinking water maximum contaminant levels (MCLs), and guidelines for irrigation and livestock waters
recommended by the National Academy of Sciences (NAS).

All of the Agency’s predicted concentrations of arsenic, cadmium, chromium, molybdenum, and lead
in ground water were at least two orders of magnitude below the various criteria, even at the closest point
modeled (50 meters downgradient from the slag pile). The predicted concentration of arsenic in ground water
50 meters downgradient and at the property boundary, where the water conceivably could be ingested by a
member of the general public, would cause a lifetime cancer risk of less than 1x10°19 (i.e., the chance of getting
cancer would be less than one in ten billion if the water was ingested over a 70-year lifetime). Only arsenic
and cadmium were predicted to migrate to the water table within the modeling time frame that was considered
(200 years). EPA predicted that it would take chromium and molybdenum roughly 470 years to migrate from
the slag pile down to the water table, while lead released from the slag pile was predicted to be bound up in
the unsaturated zone for over 1,000 years.

Surface Water Risks

To evaluate surface water risks, EPA modeled a 1.8 m/sec (65 ft3/sec) stream located 120 meters from
a 24 hectares (60-acre) slag pile, which are roughly the conditions that currently exist at the facility in White
Pine, ML. Considering the annual loading of contaminants to the stream via ground-water secpage and
erosion, the Agency predicted the surface water concentrations of the following constituents after they have
been fully mixed in the stream’s annual average flow: arsenic, cadmium, chromium, copper, iron, lead, mercury,
molybdenum, nickel, and zinc. EPA then compared the predicted concentrations of these constituents to
cancer risk levels, noncancer effect thresholds, MCLs, freshwater ambient water quality criteria (AWQCs) for
chronic exposures, and the NAS recommended guidelines for livestock and irrigation waters. Note that this
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approach does not account for removal, via treatment, of constituents in drinking water, and is thus
conservative for that pathway.

EPA’s predicted concentrations of cadmium, chromium, nickel, and zinc in the stream were at least
two orders of magnitude below the various criteria. The estimated concentration of mercury also did not
exceed any of the criteria, although it was within a factor of 0.7 times the AWQC.!®  The estimated
concentrations of arsenic, copper, lead, iron, and molybdenum exceeded at least one of the criteria. All of
these constituents were predicted to migrate into the stream by erosion of fine particles from the slag pile
(seepage of contaminants into ground water with subsequent discharge into the stream resulted in a negligible
pollutant loading). In particular:

. The estimated concentration of arsenic in the stream would cause a lifetime cancer risk
of 6x107 if ingested over 70 years. This arsenic concentration, however, is two orders
of magnitude below the MCL.

. The predicted concentration of copper equaled the NAS recommended guideline for
irrigation water and exceeded the AWQC by a factor of 65. Research has shown that
if water with copper concentrations in excess of the NAS guideline is used continuously
for irrigation, it could be toxic to plants. Exceedance of the AWQC indicates that the
copper concentrations in waters near copper slag piles could be harmful to aquatic
organisms.

. The estimated concentration of lead exceeded the proposed revised MCL by a factor of
1.1 and the AWQC by a factor of 1.7. This lead concentration could cause a variety of
subtle biochemical and cellular effects if consumed on a long-term basis, and adversely
affect the health of aquatic organisms living in affected waters.

. The estimated concentration of iron exceeded the MCL by a factor of 3.7 and the
AWQC by a factor of 1.1. Concentrations of iron in excess of the MCL could cause
objectionable tastes and stains. Exceedance of the AWQC indicates that the iron
concentrations in waters near copper slag piles could be harmful to aquatic organisms.

. The estimated concentration of molybdenum exceeded the NAS irrigation guideline by
a factor of 2.1. Although molybdenum concentrations in excess of the NAS guideline
have not been shown to be toxic to plants, they can be toxic to animals that forage on
plants irrigated with the water.

Of the constituents that were modeled, only mercury is recognized as having the potential to
biomagnify (concentrate in the tissue of organisms higher in the food chain). However, considering the low
mercury concentrations that were predicted, EPA does not expect adverse effects due to biomagnification.
Cadmium, lead, and zinc (and to a lesser extent, the other constituents) may bicaccumulate in the tissue of
freshwater fish that could be consumed by people. However, based on a "worst-case” exposure analysis using
the predicted surface water contamination caused by copper slag, EPA does not believe that the ingestion of
fish from the affected water would pose a health threat.

The Agency believes that these estimates reasonably represent the conditions that could occur at the
facility in White Pine, MI if the on-site slag pile was not equipped with stormwater run-off controls. Except
for the contaminant concentrations in the slag and siag leachate, which were measured at the Garfield and
Playas facilities, all of the site-specific conditions that were modeled are generally representative of the White
Pine facility. Furthermore, as discussed above, the concentrations that were modeled are approximately equal
to median concentrations measured in copper slag at all ten facilities (i.e., they are reasonably representative
of the concentrations observed across the industry). However, because the slag pile is equipped with run-off
controls, the Agency believes the above estimates represent conservative upper bound risks at White Pine, as

'8 This estimated mercury concentration in the stream is considered very conservative because it is based on a non-detected mercury
concentration in copper slag solids. For the purpose of this analysis, EPA assumed that mercury is present in the slag solids in a
concentration that equals the full detection limit.
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well as at the other nine active copper facilities. The other facilities are located in much more arid and remote
areas where there is a smaller potential for contaminant releases and exposures via the surface water pathway
(as described above in the analysis of release, transport, and exposure potential).

Air Risks

EPA modeled the release of windblown dust from the slag pile and the associated inhalation risks of
a hypothetical maximum exposed individual assumed to live 90 meters away in the predominant wind direction.
The distance of 90 meters was chosen because, based on an analysis of the population distribution around the
ten active copper facilities, it is a typical "close" distance between copper slag piles and nearest residences.
For this distance, the Agency predicted the airborne concentrations and inhalation risks of arsenic, chromium,
and nickel, which are all carcinogens through the inhalation pathway (chromium was conservatively assumed
to exist in the carcinogenic hexavalent form). In general, the Agency’s approach for modeling releases was
very conservative because it assumed that there is an "unlimited reservoir” of fine particles that can be blown
into the air from copper slag piles. As discussed previously, copper slag actually has limited wind erosion
potential because the vast majority of slag on the piles consists of large particles that are not suspendable or
transportable at typical wind speeds.

Even with this conservative approach, risks caused by the inhalation of dust from the hypothetical
copper slag pile were predicted to be low. At the hypothetical residence assumed to be 90 meters from the
slag pile, the total lifetime cancer risk caused by the inhalation of arsenic, chromium, and nickel was estimated
to be 1x10%. Considering the conservative modeling approach that was used, EPA believes that this estimate
represents a reasonable upper bound of the inhalation risks caused by copper slag piles at the ten active facilit-
ies.

6.3.2 Risks Associated With Copper Slag Tailings

Any potential danger to human health and the environment from copper slag tailings depends on the
presence of toxic constituents in the tailings that may pose a risk and the potential for exposure to these
constituents based on facility setting and management practices. These factors are discussed separately below.

Constituents of Concern

Using the same process outlined above for copper slag, EPA identified chemical constituents in the
copper slag tailings that may pose a risk by collecting data on the composition of slag tailings, and evaluating
the intrinsic hazard of the slag tailings’ chemical constituents.

Data on Copper Slag Tailings Composition

EPA’s characterization of copper slag tailings and its leachate is based on data from two sources: (1)
a 1989 sampling and analysis effort by OSW; and (2) industry responses to a RCRA §3007 request in 1989.
These data provide information on the concentrations of 20 metals, radium-226, uranium-238, and sulfate in
total solids and/or leach test analyses. Two of the three facilities that generate the slag are represented by
these data: Kennecott in Garfield, Utah, and Magma Copper Company in San Manuel, Arizona.

Concentrations in total samples of the slag tailings are generally consistent for most constituents
across all data sources and facilities. The exceptions are for lead -- concentrations of lead in tailings samples
from the two facilities differed by over three orders of magnitude; and molybdenum - the concentration of
molybdenum in slag tailings from the Garfield facility was three orders of magnitude higher than the
concentration measured in tailings from the San Manue! facility. Concentrations from leach test analyses of
the slag tailings are consistent across the data sources, types of leach tests (i.e., EP, SPLP, and TCLP), and
facilities.



6-24  Chapter 6: Primary Copper Processing

Identified Constituents of Concern

Exhibits 6-7 and 6-8 present the results of the comparisons for copper slag tailings total analyses and
leach test analyses, respectively, to the risk screening criteria. These exhibits list all constituents for which
sample concentrations exceed a screening criterion.

From the 21 constituents analyzed in copper slag tailings solids, only arsenic, chromium, and lead
concentrations exceed the screening criteria (see Exhibit 6-7). Arsenic and chromium concentrations in the
slag tailings exceed the inhalation pathway screening criteria. This indicates that if the slag tailings are blown
into the air as dust and inhaled in a concentration that equals the National Ambient Air Quality Standard for
particulate matter, these two constituents may be present in concentrations that could cause a cancer risk of
greater than 1 x 107, Arsenic and lead concentrations in the tailings solids exceed the incidental ingestion
screening criteria. This means that, if the tailings are incidentally ingested on a routine basis (e.g., if children
playing on abandoned waste piles inadvertently ingest the tailings), arsenic would pose a cancer risk of 1 x 107
or more, while lead could cause adverse noncancer effects. All three constituents were detected in more than
90 percent of the samples analyzed at concentrations exceeding the screening criteria. All three constituents
were also detected in concentrations that exceed the screening criteria by a factor of ten or more.

Based on a comparison of leach test concentrations of 22 constituents to the surface and ground-water
pathway screening criteria (see Exhibit 6-8), only 7 constituents (copper, molybdenum, arsenic, lead, silver,
nickel, and mercury) were detected at levels above the screening criteria. All of these constituents are metals
or other inorganics that do not degrade in the environment. Arsenic exceeded the screening criteria in 12 out
of 13 samples, and the highest measured arsenic concentration exceeds the drinking water criterion by a factor
of 900. Nickel and mercury, on the other hand, were found to exceed the screening criteria in only 20 to 30
percent of the samples analyzed, and only by a factor of 2 or less. Despite these exceedances of the screening
criteria, no constituents were detected in the leachate in concentrations that exceed the EP toxicity regulatory
levels.

These exceedances indicate the potential for the following types of impacts under the following
conditions:

. Concentrations of arsenic and copper in the slag tailings leachate are high enough that,
if the leachate is released to ground water and diluted only by a factor of 10 during
migration to a drinking water well, long-term ingestion of the water could cause adverse
health effects.

. Concentrations of copper, arsenic, silver, nickel, and mercury in slag tailings leachate
could present a threat to aquatic ecological receptors if it migrates (with a 100-fold
dilution) to surface waters.

. If the leachate is released and diluted by a factor of ten or less, copper, molybdenum,
arsenic, and lead concentrations could exceed drinking water maximum contaminant
levels or guidelines for irrigation water.

These exceedances of the risk screening criteria, by themselves, do not prove that copper slag tailings
pose a significant risk. The criteria exceedances outlined above only indicate that the tailings may present a
hazard under a set of very conservative, hypothetical exposure conditions. To determine the risks associated
with copper slag tailings, therefore, EPA proceeded to the next step of the risk analysis to examine the actual
release, transport, and exposure conditions that exist at the facilities that actively generate and manage the
tailings.

Release, Transport, and Exposure Potential

The following analysis considers the baseline hazards of copper slag tailings at the three plants of
interest in 1988. For this analysis, EPA did not consider the hazards of off-site disposal or use of the tailings
because the 1ailings currently are never disposed of or used off-site (although slag tailings have been used off-
site for construction purposes in the past and conceivably could be used again in the future). Alternative
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Exhibit 6-7

Potential Constituents of Concern in Copper Slag Tailings Solids'®

No. of Times No. of Facilities
Constituent No. of Analyses Exceeding Criteria/
Potential Detected/No. of Exceeding Criteria/ No. of Facilities
Constituents Analyses Human Health No. of Analyses for Analyzed for
of Concemn for Constituent Screening Criteria®™ Constituent Constituent
p——— —
Arsenic 26,27 ingestion” 6127 1/2
nhalation 26/27 112
Chromium 8/9 inhalation’ 8/9 1/2
Lead 27127 Ingestion 25127 1/2
(a) Constituents listed in this table are present in at least one sample from at least one facility at a concentration that exceeds

a relevant screening criterion.

The conservative screening criteria used in this analysis are listed in Exhibit 2-3.

Constituents that were not detected in a given sampie were assumed not to be present in the sample.
(b) Human health screening criteria are based on exposure via incidental ingestion .and inhalation. Human health effects
include cancer risk and noncancer health effects. Screening criteria noted with an * * are based on a 1x1 0”° Iifetime cancer

risk; others are based on noncancer effects.

Exhibit 6-8

Potential Constituents of Concern in Copper Slag Tailings Leachate(®

e
No. of Times No. of Faclilties
Constituent No. of Analyses Exceeding Criteria/
Potential Detected/No. of Exceeding Criteria/ No. of Facllities
Constlituents Analyses Analyzed for
of Concern for Constituent Constituent
Wﬁ
Copper 373 Human Health 2/3 2/2
Resource Damage 213 2/2
Aquetic Ecologlcat 3/3 2/2
Molybdenum 2/2 Resource Damage 2/2 2/2 “
Arsenic® 12/13 Human Health’ 12713 2/2
Resource Damage 9/13 1/2
Aquatic Ecological 7713 1/2
Lead® 9/13 Resource Damage 9/13 2/2
Stiver® 2413 Aquatic Ecologicat B/13 142
Nickel* 2/11 Aquatic Ecological 2/ 11 1/2
Mercury ’ 148 Agquatic Ecological 173 1/2
(8) Constituents listed in this table are present in at least one sample from at least one facility at a concentration that exceeds

a relevant screening criterion.

The conservative screening criteria used in this analysis are listed in Exhibit 2-3.

Constituents that were not detected in a given sample were assumed not to be present in the sample. Unless otherwise

noted, the constituent concentrations used for this analysis are based on EP leach test results.

(b) Human health ecresning criteria are based on cancer risk or noncarncer health effects. *Human health* screening criteria
noted with an *™* are based on a 1x10 (ifetime cancer risk; others are based on noncancer effects.
(© Data tor this constituent are from SPLP leach test resuits.
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practices for managing the tailings are discussed in Section 6.5. In addition, the following analysis does not
consider the risks associated with variations in waste management practices or potentially exposed populations
in the future, because of a lack of information on possible future conditions.

Ground-Water Release, Transport, and Exposure Potential

As discussed in the preceding section, EPA and industry test data show that several constituents are
capable of leaching from copper slag tailings in concentrations that exceed the risk screening criteria.
Considering only those constituents that are expected to be mobile in ground water (given the existing tailings
management practices and neutral pH of the leachate), slag tailings contaminants that pose the primary
potential threat are arsenic, mercury, and molybdenum. The ground-water release and transport potential of
copper slag tailings at the three facilities depends on site-specific management practices and environmental
settings.

The single tailings pond at the White Pine facility is underlain by recompacted local clay and in-situ
clay that helps limit leachate from the pond reaching the underlying aquifer. Nevertheless, the large quantity
of standing liquid in the pond (the pond is 16 meters deep and covers 972 hectares (2,400 acres)) produces
a considerable hydraulic head that could drive leachate from the tailings into the subsurface. Furthermore,
any constituents released from the units could be transported readily through the 6 to 12 meters of fractured
rock that lies between the pond and the stratum identified as the uppermost aquifer. Any ground-water
contamination from the unit, especially arsenic contamination, could restrict the potential future uses of this
aquifer. However, the potential for current human health impacts from ground-water contamination is
expected to be minimal because, to the best of EPA's knowledge, there are currently no drinking water wells
within a mile downgradient of the facility, and the aquifer is not being used as a municipal drinking water
supply.

At the Garfield facility, fresh slag tailings are discharged as a slurry to a tailings impoundment. This
impoundment is now about 46 meters above the original grade and covers about 2,300 hectares (5,600 acres).
Dried tailings are used to form a berm that creates the impoundment into which the slurried tailings are
discharged. In theory, tailings contaminants could be released to ground water by seepage of the ponded water
or by rain water infiltrating through dry areas of the impoundment. However, factors that limit the migration
of leachate from the tailings impoundment to the uppermost useable aquifer include: the precipitation (40
cm/year) and net recharge in the area (0.7 cm/year) are relatively low; and the aquifer is very deep (i.e., 90
meters) and is primarily overlain by a zone of impermeable clay. In addition, the potential for current human
health impacts from any contamination from the tailings impoundment, should it occur, appears minimal
because there are currently no drinking water wells within a mile downgradient of the facility to the best of
EPAs knowledge. The shallow ground water at the site is saline (and generally unuseable) because it is
hydraulically connected with the Great Salt Lake.

The five tailings ponds at the San Manuel plant are not lined and have no leachate collection systems
or other controls to limit releases to ground water. These ponds, which are 40 to 60 meters deep and cover
anywhere from 140 to 330 hectares (350 to 820 acres), may have quantities of supernatant liquids that
potentially provide sufficient hydraulic head to drive contaminants to the underlying aquifer. However, the
uppermost useable aquifer beneath this facility is located 140 meters beneath the tailings ponds and is
separated by an intervening alluvial aquifer. Ground-water monitoring data indicate that contamination of
the useable aquifer has occurred at this site. Sulfate, which is present in the tailings but was not measured
in the tailings leachate, has been detected downgradient of the facility at levels exceeding drinking water
standards. (The Agency’s review of State and EPA regional files did not provide evidence that this ground-
water contamination is attributable to slag tailings management.) Any contaminant migration from the slag
tailings into the uppermost useable aquifer has a high potential for posing current human health risks and
restricting potential future uses of the ground water because approximately 4,000 people rely on the aquifer
for drinking water from a municipal well located only 150 meters downgradient from the facility.
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Surface Water Release, Transport, and Exposure Potential

Constituents of concern in copper slag tailings theoretically could enter surface waters by migration
of slag tailings leachate through ground water that discharges to surface water, or by direct overland
(stormwater) run-off of dissolved or suspended slag tailings constituents. As discussed above, the following
constituents that are mobile in ground water leach from the slag tailings at levels that potentially could pose
human health or aquatic ecological threats or damage surface water resources: molybdenum, arsenic, and
mercury. The other constituents in slag tailings could potentially migrate to surface water via overland
erosion.

At the White Pine facility, excess water in the tailings pond, which could contain entrained tailings
solids, is discharged directly to a river located 120 meters away via a NPDES-permitted outfall. It is also
possible for the tailings contaminants to migrate to the river via ground-water seepage. Water quality
monitoring in the river has identified cadmium, selenium, copper, and total dissolved solids concentrations in
excess of drinking water standards, as well as cadmium, copper, lead, selenium, and zinc levels that exceed the
ambient water quality criteria. The slag tailings could be a contributor to this contamination because, based
on EPA and industry test data, copper and lead are readily leachable from the tailings. The river near this
facility has a relatively low dilution capacity (flow of 42 mgd), and potential drinking water exposures could
occur at a water supply intake 5 km downstream (it appears that 25 people rely on this intake). Therefore,
if not sufficiently diluted, any contaminants entering the river could potentially harm aquatic life, restrict the
future uses of the river as a resource, and pose health risks to existing populations.

At the Garfield facility, the potential for routine overland releases to the Great Salt Lake are limited
by the distance to the lake (300 meters), stormwater run-on/run-off controls, the gentle topographic slope (0
to 2 percent), and the relatively low amount of precipitation in the area (40 cm/yr). Although unlikely,
episodic overland releases could occur in the event of a flood (the facility is located in a 100-year floodplain).
Release of contaminants to surface water is also possible by infiltration of contaminants to the surficial aquifer
that is hydraulically connected with the lake. Releases to Great Salt Lake have a low potential for adversely
affecting human health because the lake is not used for drinking water.

Contaminants from slag tailings ponds at the San Manuel plant possibly could migrate to the San
Pedro River located 790 meters away via seepage to the alluvial aquifer that may discharge to the river. As
discussed in the preceding section on ground water, seepage to the surficial aquifer is possible due to the
leachability of the waste, lack of ground-water controls, and standing liquids in the ponds. Overland run-off
of the tailings could only occur in the event of a major storm causing overflow of tailings from the ponds.
Such overflow is unlikely, however, because of the plant’s stormwater run-on/run-off controls, low precipitation
(50 cm/year) available for run-off, and moderate topographic slope (2 to 6%). The San Pedro River near this
facility has a low flow rate (0.08 mgd), which provides only a limited dilution capacity. The river water is used
for livestock watering approximately 1.2 km downstream of the facility, but currently, there are no other
consumptive uses within 24 km downstream. If not sufficiently diluted, contaminants reaching the river could
pose a risk to aquatic organisms and restrict potential uses of the river.

Air Release, Transport, and Exposure Potential

Because all of the constituents of potential concern in copper slag tailings are nonvolatile, the
contaminants can be released to air only in the form of dust particles. As presented above, only arsenic and
chromium are present in the slag tailings in concentrations that could pose human health risks through
inhalation of respirable particles of slag tailings.

In general, particles that are < 100 micrometer (um) in diameter are wind suspendable and
transportable. Within this range, however, only particles that are < 30 um in diameter can be transported
for considerable distances downwind, and only particles that are < 10 um in diameter are respirable. The slag
tailings consist mainly of particles larger than 100 um in diameter, and therefore, the majority of the slag
tailings should not be suspendable, transportable, or respirable. The quantity of tailings disposed and the areal
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extent of the disposal areas, however, is such that wind transport of fine tailings material does occur if the
tailings dry out.

The potential for dust to be blown into the air from the tailings impoundment at the Garfield facility
is limited because the facility suppresses dust by periodically moving the location of the discharge of the
tailings slurry to keep the surface of the entire impoundment wet. Nevertheless, dusting is possible because
dried tailings are piled up and exposed to the wind around the perimeter of the impoundment and the entire
impoundment may not always remain wet. In addition, the facility is located in an arid area where there is
relatively infrequent rainfall (there are only 89 rainy days/year) and significant evaporation, which is conducive
to dusting. In at least one instance, due to a facility shutdown, a large part of the tailings pile surface became
dry and tailings dust was released to air whenever the wind speeds exceeded 20 mph. Ambient air quality
monitoring at the facility indicated that the National Ambient Air Quality Standards (24-hour average
concentration) for respirable particulate matter had been exceeded. Such airborne releases at this facility
could lead to potential exposures at the closest residence, approximately 20 meters from the facility, as well
as exposures to the 10,000 people that live within 1.6 km of the facility.

At the White Pine and San Manuel facilities, the slag tailings are currently submerged in the ponds,
and there are no significant areas of dry tailings from which dust could be blown into the air. The San Manuel
facility, however, is located in a very arid area in which significant evaporation from the tailings ponds is likely
after the ponds are closed. This could allow the surface of the tailings to become dry after closure, allowing
a small fraction of the tailings (i.e., those particles that are smaller than 100 um) to be blown in the air as
dust.

Proximity to Sensitive Environments

As discussed in the preceding section on copper slag, the White Pine facility is located in a fault zone,
which creates the potential for damage to slag tailings containment systems in the unlikely event of an
earthquake. The facility is also located in a National Forest; any contamination originating from the White
Pine facility, therefore, could endanger the habitats and resources provided by the forest. The Garfield facility
is located in a 100-year floodplain, which creates the potential for large episodic releases of tailings due to
floods, and in a wetland. Any contamination originating from the Garfield facility could adversely affect the
habitats and special functions provided by the wetland. The San Manuel facility is not located in or within
one mile of an environment that is particularly vulnerable to contamination or has a high resource value.

Risk Modeling

Based upon the evaluation of intrinsic hazard, the descriptive analysis of factors that influence risk,
the risk modeling results for other mineral processing wastes examined in this report, and upon a
comprehensive review of information on documented damage cases (presented in the next section), EPA has
concluded that the potential for slag tailings to impose significant risk to human health or the environment
if managed according to current practice is generally low. Therefore, the Agency has not conducted a
quantitative risk modeling exercise for this waste.

6.3.3 Risks Associated With Calcium Sulfate Sludge

This section discusses the constituents in calcium sulfate sludge that are potentially of concern, and
the potential for exposure 10 these constituents based on facility setting and management practices.

Constituents of Concern

EPA identified chcmical constituents in the calcium sulfate sludge that may pose a risk using the same
process outlined above for copper slag.
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Data on Calcium Sulfate Sludge Composition

EPAs characterization of calcium sulfate sludge and its leachate is based on data from two sources:
(1) OSW’s 1989 sampling and analysis effort; and (2) industry responses to a §3007 request in 1985. These
data provide information on the concentrations of 20 metals, ammonia, and nitrate in total and leach test
analyses. Both facilities that currently generate the sludge are represented by these data: Asarco in Hayden,
Arizona, and Kennecott in Garfield, Utah.

Concentrations in total analyses of the calcium sulfate sludge are consistent for most constituents
across all data sources and facilities. Silver concentrations in calcium sulfate sludge at the Garfield facility
(OSW data), however, are more than three orders of magnitude lower than silver concentrations in sludge at
the Hayden facility (industry data). Concentrations from leach test analyses of the calcium sulfate sludge
generally are also consistent across the data sources, types of leach tests (i.e., EP, SPLP, and TCLP), and
facilities. Copper and mercury concentrations in leachate from the sludge as determined by EP leach test
analyses, however, are more than three orders of magnitude higher than the SPLP leach test concentrations.

Identified Constituents of Concern

Exhibits 6-9 and 6-10 present the results of the comparisons for calcium sulfate sludge total analyses
and leach test analyses, respectively, to the screening criteria. These exhibits list all constituents for which
sample concentrations exceed a screening criterion.

Exhibit 6-9
Potential Constituents of Concern in Copper CaSO, Siudge Solids®

No. of Times No. of Faclilties
Constituent No. of Analyses Exceeding Criteria/
Potential Detected/No. of Exceeding Criteria/ No. of Facllities
Constituents Analyses Human Health No. of Analyses for Analyzed for
of Concern for Constituent Screening Criteria®™ Constituent Constituent
lw
Arsenic 717 ingestion” 77 272
inhaistion 787 2/2 i
Lead 9/9 Ingestion 7/9 3/3
Cadmium 749 inhaistion” 619 2/8
ingestion 6/9 2/3
Antimony 5/7 Ingestion §/7 1/2
Siver 5/8 ingestion 316 1/2

4/9

1/3

(a) Constituents listed in this table are present in at least one sample from at least one facility st a concentration that exceeds

a relevant screening criterion.

Constituents that were not detected in a given sample were assumed not to be present in the sample.
(b) Human health screening criteria are based on expoeure via incidental ingestion and inhalation. Human health effects
include cancer risk and noncancer health effects. Screening criteria noted with an * * are based on & 1x10°® lifetime cancer

risk; others are based on noncancer effects.

The conservative screening criteria used in this analysis are listed in Exhibit 2-3.
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Exhibit 6-10

Potential Constituents of Concern in Copper CaSO, Sludge Leachate(®

No. of Times No. of Facilities
Constituent No. of Analyses Exceeding Criterla/
Potential Detected/No. of Exceeding Criteria/ No. of Facllities
Constituents Analyses No. of Analyses for Analyzed for
of Concern for Constituent Screening Criteria®™ Constituent Constituent
Arsenic 8/8 Human Health 8/8 212
Resource Damage &8/8 2/2
Aquatic Ecologicat 8/8 2/2
Seienium 7/8 Human Health 7/8 1/2
Resource Damage 7/8 1/2
Aquatic Ecological 7/8 1/2
Lead 8/8 Human Heaith 8/8 2/2
Resource Damage 8/8 212
Aquatic Ecological 8/8 212
Cadmium 8/8 Human Health 7/8 2/2
Resource Damage 7/8 2/2
Aquatic Ecological 7/8 2/2
Copper 8/e Human Health 7/8 2/2
Resource Dameage 7/8 212
Aquatic Ecological 7/8 2/2
Mercury 8/8 Human Health 4/8 1/2
Resource Damage 5/8 1/2
Aquatic Ecological 6/8 1/2
Nickel 1/2 Human Health 172 142
Resourcs Damage 1/2 1/2
Aquatic Ecologicat 1/2 1/2
Silver 6/8 Resource Damage 5/8 1/2
Aquatic Ecological 6/8 1/2
Zine 212 Human Health 1712 1/2
Resource Damage 1/2 112
Aquatic Ecologicat 2/2 /2
Antimony 1/2 Human Health 1/2 1/2
Aluminum 212 Aquatic Ecologicat 272 212
Manganese 2/2 Resource Damage 1/2 1/2
(@) Constituents listed in this table are present in at least one sample from at least one facility at a concentration that exceeds
a relevant screening criterion. The conservative screening criteria used in this analysis are fisted in Exhibit 2-3.
Constituents that were not detected in a given sampile were assumed not to be present in the sample. The constituent
concentrations used for this analysis are based on EP leach test results.
(b) Human health screening criteria are based on cancer risk or noncancer health effects. *Human health® screening criteria

noted with an ** are based on a 1x10°° lifetime cancer risk; others are based on noncancer effects.
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Of the 22 constituents analyzed in total analyses of copper calcium sulfate sludge, only 6 (arsenic,
lead, cadmium, antimony, silver, and copper) are present in concentrations that exceed the conservative
screening criteria. Among these six constituents, arsenic, lead, cadmium, and antimony present the greatest
potential concern because they were detected in most of the samples analyzed (75 to 100 percent), and their
concentrations in most analyses (approximately 66 to 100 percent) exceed the screening criteria. Arsenic, lead,
and cadmium concentrations also exceed the criteria by the widest margins, ranging from 20 to 25,000 times
the criteria.

. Arsenic, lead, cadmium, antimony, silver, and copper concentrations could cause adverse
health effects if a small quantity of the sludge or soil contaminated with it is incidentally
ingested on a routine basis (e.g,, if children playing on abandoned sludge disposal areas
inadvertently ingest some of the sludge solids).

o If dust from the sludge is blown into the air in a concentration that equals the National
Ambient Air Quality Standard for particulate matter, arsenic and cadmium con-
centrations could pose a cancer risk exceeding 1 x 107 if inhaled by nearby individuals.
However, as discussed in more detail in the next section, such large releases and
exposures to windblown dust are considered very unlikely given the surface crust that
forms on the dried sludge.

Based on a comparison of EP leach test concentrations of 20 constituents to surface and ground-water
pathway screening criteria (see Exhibit 6-10), 12 constituents (i.c., arsenic, selenium, lead, cadmium, copper,
mercury, nickel, silver, zinc, antimony, aluminum, and manganese) were detected at levels above the criteria.
Arsenic, selenium, and lead were detected in most (if not all) of the samples analyzed in concentrations that
exceed all three screening criteria (i.e., for human health, resource damage, and aquatic ecological threats).
All but aluminum, antimony, and zinc exceed the criteria by a factor of 10 or more; maximum arsenic, copper,
mercury, and selenium concentrations exceed one of the criteria by more than a factor of 100. Arsenic exceeds
the screening criteria by the widest margin, up to a factor of 350,000. Arsenic, selenium, and cadmium were
also measured in EP leachate in concentrations above the EP toxicity regulatory levels. All of these
constituents that exceed the screening criteria are persistent in the environment (i.e., they do not degrade).

These exceedances have the following implications:

. If sludge leachate is released to ground water and diluted by a factor of 10 or less during
migration to a drinking water well, concentrations of arsenic, selenium, lead, cadmium,
copper, mercury, nickel, antimony, and zinc in the ground water could cause adverse
health effects if ingested.

. Arsenic, selenium, lead, cadmium, copper, mercury, nickel, silver, zinc, and aluminum
in the calcium sulfate sludge leachate could present a threat to aquatic organisms if it
migrates (with a 100-fold dilution) to surface waters.

. If the leachaté is released to ground water and diluted by a factor of 10 or less, arsenic, '
selenium, lead, cadmium, copper, mercury, nickel, silver, zinc, and manganese
concentrations could exceed drinking water maximum contaminant levels or irrigation
guidelines.

Concentrations above the screening criteria do not prove that the sludge poses a significant hazard,
but rather indicate that the sludge could pose risks under a set of very conservative, hypothetical exposure
conditions. To examine the potential for the sludge to pose hazards in greater detail, EPA analyzed the actual
release, transport, and exposure conditions that exist at the two facilities that actively generate and manage
the sludge. ‘

Release, Transport, and Exposure Potential

This analysis considers the baseline hazards of the sludge as it was generated and managed at the two
copper plants of concern in 1988. It does not consider the hazards associated with off-site disposal or use
because the sludge is managed only on-site and is not likely to be disposed or used off-site in the future. In
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addition, the following analysis does not consider the risks associated with variations in waste management
practices or potentially exposed populations in the future because of a lack of information on possible future
conditions.

Ground-Water Release, Transport, and Exposure Potential

The calcium sulfate sludge is a solid material, but is generated as a thick slurry mixed with water (i.e.,
a slurry with a relatively high solids fraction). After being discharged to surface impoundments, the sludge
solids settle out and, in the arid settings of Garfield, UT and Hayden, AZ, the supernatant liquid is generally
lost to evaporation. EPA and industry test data show that 12 constituents are capable of leaching from
calcium sulfate sludge in concentrations above the risk screening criteria. Considering only those sludge
constituents that are expected to be mobile in ground water if released, the contaminants that pose the primary
potential human health and ground-water resource damage threat are arsenic, selenium, cadmium, and
mercury.

The two surface impoundments used to manage the sludge at the Garfield facility hold from 25 to
34 million gallons of the waste sludge. The surface impoundments are underlain by in-situ clay, and the water
table is roughly 8 meters deep. The uppermost useable aquifer is approximately 90 meters beneath the base
of the impoundments. Significant migration of sludge contaminants into ground water at this site appears
unlikely because of the very arid setting -- the liquid that is discharged to the impoundment along with the
sludge is expected to quickly evaporate and little precipitation and recharge is available to carry contaminants
into the subsurface. Even if releases from the calcium sulfate siudge at this facility did occur, the potential
for current adverse human heaith impacts appears low because, to the best of EPAs knowledge, there are no
downgradient public or private wells within 1.6 km.

At the Hayden facility, the impoundment used to manage the sludge is equipped with a synthetic
(asphalt/rubber) liner. In the event of liner failure, seepage could migrate to shallow ground water (located
6 meters beneath the land surface) because the subsurface material is composed mainly of permeable sand (80
percent) with little clay (10 percent). However, the current potential for people to be exposed to such
contamination, if it were to occur, is low because facility personnel report that the aquifer under the site is
not used for drinking water or any other purpose.

Surface Water Release, Transport, and Exposure Potential

Constituents of potential concern in calcium sulfate sludge, in theory, could enter surface waters by
migration of sludge leachate through ground water that discharges to surface water, or by direct overiand
(stormwater) run-off of dissolved or suspended sludge contaminants. As discussed above, the following
constituents that are expected to be mobile in ground water leach from the calcium sulfate sludge at levels
above the risk screeming criteria: arsenic, selenium, cadmium, and mercury. Other sludge constituents
potentially could migrate to surface waters via stormwater runoff.

The potential for routine overland run-off of the sludge contaminants to surface waters due to
overflow from the sludge management ponds at both facilities is limited by stormwater run-on/run-off controls
at the units, low to moderate precipitation (40 to 50 cm/yr), and gentle topographic slopes at the sites (up to
2 percent). Other site-specific factors include:

. The sludge impoundments at the Garfield facility are located approximately 3,300
meters from the Great Salt Lake. Given this great distance, it is unlikely that
contaminants could enter the lake in potentially harmful concentrations via seepage to
ground water. Furthermore, any releases to surface water at this facility have a low
potential for adversely affecting human health because the Great Salt Lake is not used
for drinking water.

. At the Hayden facility, releases to the Gila River located 80 meters away could occur
due to seepage through ground water. There is a potential for seepage from the
impoundment to ground water in the event of a liner failure, as discussed in the section
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above. Contamination of the river could threaten aquatic life in the river, and restrict
its potential use. Risks to current human populations via surface water contamination
are not expected, however, because there are no known consumptive uses of the river
within 24 km downgradient of the facility.

Air Release, Transport, and Exposure Potential

Because all of the constituents of potential concern in the calcium sulfate sludge are nonvolatile, the
contaminants can be released to air only in the form of windblown dust particles. As presented above, only
arsenic and cadmium are present in the sludge in concentrations that exceed the risk screening criteria for
inhalation. Although the sludge consists of very fine particles (0.02 micrometers or less in diameter), which
are highly susceptible to wind erosion, the surface of the sludge dries to form a surface crust that is expected
to limit dusting to a large extent.

At the Garfield facility, one of the ponds is allowed to dry while the other pond receives sludge
discharges in the form of a slurry. The dried sludge is dredged, stabilized, and disposed in an on-site landfill.
During the period that the sludge is dried and exposed to the wind, but before it is dredged and stabilized,
wind erosion is possible although limited by the surface crust that forms on the dried sludge. Once stabilized
and buried, windblown emissions should not be a problem. If there is any dust blown into the air from dried
sludge standing in the impoundment, there is a resident within 100 meters and a total of 10,000 people living
within 1.6 km that could be exposed.

At the Hayden facility, the sludge is accumulated at the bottom of an impoundment in a wet or moist
form. In this form, airborne releases of dust from the sludge should be negligible. However, the facility is
located in a very arid area (Arizona) and the impoundments dry out between wastewater discharges. Dusting
from such a dried, inactive impoundment is possible but, again, the surface crust that forms on the sludge after
it is dried should help to keep the dust down. If any airborne releases were to occur, the nearest resident
(located 90 meters away) as well as the 2,200 people living within 1.6 km could be exposed through the
inhalation pathway.

Proximity to Sensitive Environments

As discussed above, the Garfield facility is in a 100-year floodplain, which creates the potential for
large episodic releases of the sludge due to flood events. The sludge impoundments at the facility, however,
are roughly 3,300 meters from the Great Salt Lake and therefore are unlikely to be affected by floods. The
Garfield facility is also in a wetland, which are highly valued because they provide abundant habitat, purify
natural waters, and provide flood and storm damage protection, as well as a number of other functions. The
Hayden facility is not located in or within a mile of an environment that is vulnerable to contamination or has
a high resource value.

Risk Modeling

Although the potential for release and exposure to calcium sulfate sludge contaminants appears to
be generally low based on facility settings and management practices, the intrinsic hazard of the sludge
composition compelled EPA to rank the sludge as having a relatively high potential to cause human health
and environmental risks (compared to other mineral processing wastes studied in this report). Therefore, EPA
used the model "Multimedia Soils" (MMSOILS) to estimate the ground-water and surface water risks caused
by the management of calcium sulfate sludge at the facilities in Hayden, AZ and Garfield, UT EPA did not
model the risks caused by windblown dust because, as discussed above, the surface of the siudge dries to form
a crust that should keep windblown dust to a minimum.
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Ground-Water Risks

Using site-specific data with respect to contaminant concentrations, sludge quantities, existing
management practices, and hydrogeologic characteristics, EPA modeled potential releases to ground water
from the calcium sulfate sludge impoundments at the Hayden and Garfield facilities. The Agency used median
contaminant concentration as inputs to the model in order to obtain a "best estimate” of the most likely risks.
EPA considered in this analysis the potential releases of arsenic, cadmium, selenium, and mercury, which are
the primary constituents of concern through the ground-water pathway based on the preceding analysis of the
sludge leachate.

The Agency’s ground-water modeling results indicate that all four of these contaminants are likely
to remain bound up in the unsaturated zone well beyond the modeling time frame that was considered (200
years). Even though the sludge is generated as a slurry and discharged to impoundments along with liquids,
the liquids quickly evaporate in the extremely arid settings of these facilities. After evaporation of the slurry
water, the only force available to drive contaminants from the dried siudge to the subsurface is the infiltration
of precipitation, which occurs at a very slow rate in these areas of Arizona and Utah. Combining this factor
along with the depth to ground water at these sites and the tendency of each contaminant to bind to soil, the
Agency predicted that it would take the contaminants at least 350 years to migrate to the water table.
Therefore, the predicted risks associated with the release of these contaminants to the subsurface are
effectively zero within the 200-year modeling horizon.

Surface Water Risks

To evaluate surface water risks, EPA modeled potential releases and impacts at the facility in Hayden,
AZ, which presents by far the greatest surface water threat of the two facilities that generate the sludge (the
Hayden facility is located only 80 meters from the moderately sized Gila River, while the impoundments at
the Garfield facility are located roughly 3,300 meters from the Great Sait Lake). EPA considered in this
analysis the annual loading of contaminants to the Gila River via ground-water seepage and erosion of fine
particles from the calcium sulfate sludge impoundment, conservatively assuming that the impoundment is filled
with sludge and not covered or equipped with stormwater run-off controls -- even though the impoundment
is actually equipped with run-off controls. The Agency predicted the surface water concentrations of 12
constituents after they have been fully mixed in the river’s fiow: aluminum, antimony, arsenic, cadmium,
copper, lead, manganese, mercury, nickel, selenium, silver, and zinc. For each constituent, the Agency
compared the predicted concentrations to EPA-approved benchmarks for human health protection, drinking
water maximum contaminant levels (MCLs), freshwater ambient water quality criteria (AWQCs) for chronic
exposures, and guidelines for irrigation and livestock waters recommended by the National Academy of
Sciences.

For all but two constituents, the predicted concentrations in the Gila River were at least one order
of magnitude below the various criteria, and most constituent concentrations were more than two orders of
magnitude below the criteria. The exceptions were arsenic, the only carcinogen of potential concern, and
silver. The predicted concentration of arsenic in the river, if ingested over a lifetime, poses a cancer risk of
2x10™* (i.c., the chance of getting cancer would be 2 in 10,000 over a 70-year lifetime). However, this arsenic
concentration is approximately an order of magnitude below the MCL. Furthermore, to the best of EPAs
knowledge, the Gila River is not currently used for drinking water within 24 km of the Hayden facility,
although it conceivably could be used in the future.

The predicted concentration of silver in the Gila River exceeded the AWQC designed to protect
aquatic organisms by a factor of aimost three. Chronic exposures to this silver concentration could adversely
affect any organisms living in the Gila River.

Of the constituents that were modeled, only selenium is recognized as having the potential to
biomagnify (concentrate in the tissues of organisms higher in the food chain). Although EPA predicted
surface water concentrations of selenium that were more than two orders of magnitude below the AWQC,
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there is a potential for selenium to biomagnify and cause adverse effects to wildlife at higher trophic levels.!
Cadmium, selenium, zinc, lead, and to a lesser extent, arsenic may bioaccumulate in the tissue of freshwater
fish that may be ingested by humans. Using assumptions about fish ingestion rates,”0 the Agency estimates
that long-term ingestion of fish caught from the Gila River could pose a cancer risk of 3 x 10, Fish ingestion
would not result in a chemical dose that exceeds a noncancer effect threshold.

EPA believes these are reasonably conservative, upper-bound estimates of the surface water risks at
the Hayden Facility. As discussed above, the impoundment at this facility is actually equipped with stormwater
run-off controls and, depending on the efficiency of these controls, the concentrations of contaminants in the
Gila River should be lower than predicted.

6.3.4 Damage Cases

EPA reviewed State and EPA regional files in an effort to document the performance of waste
management practices for slag, slag tailings, and calcium sulfate sludge from the treatment of wastewater from
primary copper processing, at the 10 active facilities and at eight inactive (at least with respect to primary
copper processing) facilities. The inactive facilities included: Cox Creek Refining in Baltimore, MD;
ASARCO in Tacoma, Washington; ASARCO in Corpus Christi, Texas; Anaconda in Anaconda, Montana;
AJO in New Cornelia, Arizona; South Wire Co. in Carrolton, Georgia; Highland Boy Smeiter in Near Salt
Lake, Utah; and Midvale Slag in Midvale, Utah. ‘

The file reviews were combined with interviews with State and EPA regional regulatory staff.
Through these case studies, EPA found no documented environmental damages attributable to slag tailings
or calcium sulfate sludge management. EPA did find documented environmental damages associated with
copper slag at four facilities: ASARCO in Tacoma; ASARCO in El Paso; Anaconda in Anaconda; and
Midvale Slag in Midvale.

ASARCO, Tacoma, Washington (Commencement Bay, Puget Sound)

ASARCO’s smelter is located in the Nearshore area close to Ruston. The plant, operational from
the late 1800’s until March 1985, generated copper slag that has been deposited along the shoreline near the
plant and has been used as fill, riprap, and ballast material in the Tideflats area of Commencement Bay. The
slag has also been used to produce building insulation and commercial sandblasting material, which has been
used in the Nearshore/Tideflats area.?!

Commencement Bay is an embayment of approximately nine square miles in southern Puget Sound,
Washington. The bay opens to Puget Sound to the northwest, with the city of Tacoma situated on the south
and southeast shores. Residential portions of northeast Tacoma and the Browns Point section of Pierce
County occupy the north shore of the bay.

From November 1983 through June 1984, the Washington Department of Ecology Water Quality
Investigation Section (WQIS) conducted a remedial investigation to characterize surface run-off from 12 log
storage and sorting facilities ("sort yards") in the Tideflats area and contamination of adjacent surface water

¥ The AWQC for sclenium does not necessarily protect against biomagnification.

® For the purpose of this screening-level analysis, EPA assumed that a 70-kg individual ingests 6.5 grams of fish from the Gila River

every day of the year for 70 years. This is a typical daily fish intake averaged over a year (EPA, Risk Assessment Guidance for Superfund,
Volume |, Human Health Evaluation Manual (Part A), EPA/540/1-89/002, December 1989).

2 Tetra Tech, Inc., 1985, Summary Report for Commencement Bay Nearshore/Tideflats Remedial Investigation, August, 1985.
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and sediment in the Blair and Hylebos Waterways. These log sort yards have received ASARCO’s slag as
ballast material. 2>

According to the WQIS report dated February 27, 1985: "Metals concentrations were measured in
run-off from twelve log sort yards on the Tacoma tideflats and in the adjacent surface waters and sediments
of Blair and Hylebos Waterways. High concentrations of arsenic, zinc, copper, and lead were present in the
run-off from ten yards...The combined annual metals loads (pounds/year) to Commencement Bay waterways
from all twelve yards were estimated to be: arsenic, 2,500; zinc, 1,100; copper, 510; lead, 310; nickel, 66;
antimony, 50; and cadmium, 2. Because it appears surface run-off accounts for only about 40 percent of the
rainfall in these sort yards, there is a strong probability that contaminated groundwater may be a substantial
additional source of metals flux to the waterways....Peak concentrations of arsenic, zinc, and copper in surface
water and sediments in Blair and Hylebos Waterways were recorded in the vicinity of the log sort yards. EPA
acute criteria for the protection of saltwater aquatic life were exceeded for zinc and copper in Blair and
Hylebos surface waters adjacent to discharges from Murry Pacific yards #1 and #2 as well as the
Wasser/Winters yard....The use of ASARCO slag for ballast at the log sort yards is, in all probability, the major
source of elevated metals concentrations seen in log sort yard run-off, nearshore surface waters, and
sediments."%*

WQIS did a comparison of metals concentrations in ASARCO slag and WQIS data on log sort yard
run-off, nearshore surface water, and sediment. The WQIS report concluded that the major source of elevated
metal concentrations seen in the log sort yard run-off, and adjacent surface waters and sediment, was the
ASARCO slag previously used by the yards for ballast.”

During 1986 and 1987 EPA conducted site inspections of four log sort yards and one wood waste
landfill (B&L Landfill) in the Nearshore/Tideflats. The inspection included the installation of 23 monitoring
wells, and collection of 25 soil samples and 68 ground-water samples. Soil samples taken at log sort yards
indicated arsenic content ranging from 5.5 to 8.2 mg/kg, copper content ranging from 3.0 to 24 mg/kg, lead
ranging from 2.7 to 10 mg/kg, and zinc ranging from 22 to 55 mg/kg. Unfiltered ground-water samples from
wells installed at the log sort yards contained arsenic at levels ranging from 0.011 to 0.22 mg/L, copper ranging
from 0.018 to 0.696 mg/L, lead ranging from 0.0074 to 0.300 mg/L, and zinc ranging from 0.025 to 0.865
mg/L.%

According to the EPA site inspection report for the Nearshore/Tideflats area, of the 19 ground-water
monitoring wells installed in or around the four log sort yards, ground-water samples from 15 of the 19 wells
exceeded one or more drinking water standards, maximum contaminant levels (MCLs), or freshwater and
marine acute and chronic ambient water quality criteria (WQC) identified for one or more of the four
contaminants of concern (arsenic, copper, lead, znc).

Z Norton, Dale, and Johnson, Art, 1985a, Washington Department of Ecology, Water Quality Investigation Section, Memo to Jim
Krull, Re: Completion Report on Water Quality Investigation Section Project for the Commencement Bay Nearshore/Tideflats Remedial
Investigation: Metals Concentrations in Water, Sediment, and Fish Tissue Samples from Hylebos Creek Drainage, August, 1983 -
September 1984, January 25.

B Norton, Dale, and Johnson, Art, 1985b, Washington Department of Ecology, Water Quality Investigation Section, Memo to Jim
Krull, Re: Completion Report on Water Quality Investigation Section Project for the Commencement Bay Nearshore/Tideflats Remedial
Investigation: Assessment of Log Sort Yards as Metals Sources to Commencement Bay Waterways, November 1983 - June 1984, February
27.

2 Ibid.
% Ibid.

2 Ecology and Environment, Inc., 1987, Site Inspection Report: Commencement Bsy Nearshore/Tideflats, Tacoma, Washington, Vols.
I and 11, November.

77 Ibid.
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Anaconda Smelter Site, Anaconda, Montana

The Anaconda facility is located at the southern end of the Deer Lodge Valley, approximately 25
miles northwest of Butte. From 1884 to 1980, ore from mines near Butte, Montana was transported and
processed at various locations on the Anaconda site. In 1902, facilities were developed at the present smelter
site on the south side of Deer Lodge Valley about one-half mile east of the town of Anaconda. Ore was
mechanically concentrated, roasted, and smelted in reverberatory furnaces to produce copper matte and slag
(as a waste product). The slag was cooled and granulated with the addition of water and the resulting slurry
was transported to the waste pile through a system of flumes.?® The facility is one of four Superfund sites
in the Upper Clark Fork Basin area of southwestern Montana. Among the operable units identified for
cleanup is the slag.29

Although the facility has not operated since 1980, ore beneficiation and processing wastes, including
about 142 million cubic meters (185 million cubic yards) of tailings, about 21 million cubic meters of furnace
slags, and about 190,000 cubic meters of flue dust, are contained within an area of more than 2400 hectares
(6,000 acres) at the site.30 These wastes contain elevated concentrations of heavy metals, such as copper
(3,140 - 9,760 mg/kg), cadmium (4.4 - 44 mg/kg), arsenic (498 - 3,190 mg/kg), lead (364 - 4,310 mg/kg), and
zinc (8,380 - 36,300 mg/kg).3!

Anaconda’s smelter slag has been used by the Montana Department of Highways for sanding roads,
some of which parallel the shore of Georgetown Lake. In a November 1982 EPA report, distributed to the
Technical Advisory Committee of the Clean Lakes Project in Anaconda, Montana, it was recommended that
use of the smelter slag for road sanding be at least partially terminated based on the consistent occurrence of
mercury in water samples that had been exposed to slag, the presence of cadmium above background levels
in lake water and downstream samples, and the fact that zinc and copper are released by slag under conditions
obtainable in the aquatic environment in Georgetown Lake. The report states that no danger to human health
existed through contamination of the Georgetown Lake ecosystem by slag or slag leachates from road sanding
operations, but that the potential existed that fish were being "negatively affected in their reproduction.”?

A 1983 report by the U.S. Department of Health and Human Services noted that hazards from closed
mining operations include potential airborne exposures from dust clouds containing heavy metals from tailings
ponds or slag piles. Based on findings in this study, the report recommended that public access to the
Anaconda site be terminated, that the waste slag not be used for any commercial purposes, and that further
testing should be conducted.3

Because of the results of these findings, other agencies have reached similar conclusions. In addition
to the U.S. Department of Health and Human Services, the U.S. EPA and the Montana Department of Health
and Environmental Sciences have all recommended that the Anaconda smelter slag no longer be used for road
sanding activities, 343336

2 Anaconda. 1985. Granulated Slag Pile, Draft, Stage | Remedial Investigation Report.

¥ U.s. Environmental Protection Agency, Region VIII, 1990. Letter from C. Coleman to K. McCarthy, ICF Incorporated,
Re: Anaconda Smelter. May.

3 y.S. Environmental Protection Agency and Montana Department of Health and Environmental Sciences. 1988. Clark Fork
Superfund - Master Plan.

31 Clement Associates, Inc. 1985. Letter from M.C. Lowe to M. Bishop, Region VIII EPA, Re: Response to Request by County to
Use Granulated Slag on Roads.

32 U.S. Environmental Protection Agency. 1982. Memorandum from M. Kahoe to Technical Advisory Committee Member.

33 U.S. Department of Health and Human Services. 1983. Memorandum from Chief, Superfund Implementation Group to E.
Skowronski, EPA Region 7, 8.

> Ibid.

35 Camp Dresser & McKee Inc. 1985. Memorandum from J. Ericson to M. Bishop, EPA, Re: Response to County’s Request to Use
Granulated Slag for Winter Road and Sanding Operations.

% Montana Department of Health and Environmental Sciences. 1984. Letter from J.J. Drynan to G. Wicks, Director, Department
of Highways, Helena, metric tons.
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A 1985 Draft Stage I Remedial Investigation Report, prepared by Anaconda, noted that leachate
samples from the slag pile contained cadmium at less than 0.004 to 0.03 mg/L, lead at less than 0.003 to 0.025
mg/L, and copper at 0.128 to 11.6 mg/L. The maximum leachate concentrations from these samples exceeded
drinking water MCLs for cadmium (MCL = 0.01 mg/L), and copper (MCL = 1.0 mg/L). In addition, the
ambient water quality criteria (AWQC) for copper (0.012 mg/L) is exceeded by almost 1,000 times, the AWQC
for cadmium (0.0011 mg/L) is exceeded by almost 30 times, and the ambient water quality criteria for lead
(0.01 mg/L) is exceeded by 25 times.>’ Although the use of Anaconda’s slag for road sanding has been
terminated, the slag material continues to be sold commercially as a sand blasting material. However, a worker
at the sandblasting facility has formally complained of skin and throat irritation.3®

Midvale Slag Site, Midvale, Utah

The Midvale Slag site is a parcel of land encompassing approximately 330 acres located immediately
west of the city of Midvale, which is twelve miles south of Salt Lake City, Utah. Land use within the three
mile radius of the site is primarily for agricultural, residential, and transportation purposes. The site is
bounded on the west by the Jordan River, with agricultural lands immediately across the river. Residential
areas border the north and east sides of the site. Approximately 33,700 individuals live within three miles of
the site. EPA proposed the site for the Superfund National Priority List in 1986 (see S1 FR 21099, 21106,
June 10, 1986.)

Ground water occurs beneath the site in both a shallow unconfined aquifer system, and a deep
confined aquifer system. Ground water from the shallow unconfined aquifer system is used by approximately
500 residents (for domestic use that may not include drinking) and is used to irrigate approximately 24
hectares (60 acres) of agricultural land. Water from the deep confined aquifer is used as the primary source
of water for many of the communities in the Salt Lake Valley. Normal annual precipitation at the site is
approximately 36 cm (14 inches).

Although the first smelter was constructed at the Midvale Slag site in 1871, most of the smelting
activity occurred between 1906 and 1958 when the United States Smelting, Refining, and Mining Company
owned the property. Beginning in 1905, the smelter processed copper and lead concentrates from the United
States Smelting, Refining, and Mining Company Mill, and from custom shippers. Remnants of the smelter
activity include a large slag pile, approximately 40 hectares (100 acres) in size.

In 1958, operations at the smelter ceased, and shortly thereafter the smelter facilities were dismantied.
The site was purchased in 1964 by Valley Materials Corporation (VMC), which recovers the slag material for
use as road and railroad bed construction material, and as a sandblasting abrasive for industrial and
commercial use.

A 1986 hydrogeochemical site characterization study, conducted for VMC, showed that contamination
of the shallow (unconfined) aquifer has occurred. Dissolved arsenic, cadmium, and mercury were all detected
at levels exceeding MCLs.3® In discussing the cause of this contamination, the slag was not mentioned as
a source; however, given the composition of the slag, the extent of the site covered with slag, and the proximity
of the slag to other wastes, it seems likely that the slag is contributing to the contamination to some

37 Anaconda. 198S. Granulated Slag Pile, Draft, Stage | Remedial Investigation Report.

3 U.S. Environmental Protection Agency, Region VIIL. Letter from C. Coleman to K. McCarthy, ICF Incorporated, Re: Anaconda
Smelter. May.

¥ Earthfax Engineering, 1986. Hydrogeochemical Characterization of the Valley Chemicals Corporation Site, Midvale, Utah. Prepared
for Valicy Materials Corporation. August.
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degree.*0 Recent hydrogeological studies at the site indicate that there is interconnection between the deep
confined aquifer and shallow portions of the valley aquifer under the site.!

In 1987, EPA completed a "Final Preliminary Level I Endangerment Assessment” of the Midvale Slag
site. As discussed in the report, various smelter wastes have been deposited on site, including slag, dross, and
baghouse dust, and all contain high concentrations of heavy metals. According to the report, the slag contains
up to 340 ppm arsenic, 45 ppm cadmium, 2,380 ppm copper, 9,410 ppm lead, 36 ppm silver, and 58,500 ppm
zinc. As stated in the report: "None of the waste sources are adequately secured and releases have occurred
through air and groundwater pathways. In addition, direct contact with these waste sources is very likely due
to the extensive earth moving and industrial vehicle activity at the site."?

As stated in the report: "... current studies indicate that several metals are present in ground water,
air (by indirect inference), and soil in the vicinity of the Midvale Slag site at concentrations that may endanger
human health and the environment. Access to the site is currently not restricted and a commercial slag
operation exists on-site, resulting in extensive earth moving and industrial vehicle activity on site. Fine grained
waste source material may be inhaled, ingested, deposited as household dust, or deposited on nearby soils.
Contaminants from the site also appear to be leaching into the ground-water system."$3

In presenting a risk and impact evaluation, the report states: "Metal contamination from the Midvale
Slag site presents a potential endangerment to human health and the environment due to actual and potential
exposure and toxicity." All residents adjacent to the Midvale Slag site, as well as on-site workers, are
potentially subjected to arsenic, cadmium, chromium, lead, and silver exposure via inhalation of contaminated
dust. Consumption of crops or garden vegetables grown in contaminated soils may also increase human
exposure to these contaminants.** The report also notes that children from ages six to 16 may play or ride
bicycles on the waste piles, increasing the risk of ingestion.

The report concludes that "over two million tons of accumulated, unconsolidated slag waste, smelter
waste, dross, and baghouse dust at the Midvale Slag site have caused metals contamination on-site and,
probably, off-site.™

ASARCO, El Paso, Texas

ASARCO’s El Paso Plant is located in El Paso, Texas, between Interstate Highway 10 and the Rio
Grande River. ASARCO’s smelting plant is used for the recovery of zinc, copper, and lead, for production
of the principal products, copper anodes, lead bullion, and zinc oxide. ASARCO has operated the El Paso
facility since 1883.

Waste smelter slag has historically been deposited on-site. Many of the present structures are built
on old waste slag deposits. Slag from the zinc fuming furnace and copper reverb process is stored on-site and
removed by a contractor, who crushes it and sells the material for railroad bedding or sandblasting abrasives.
Lead slag is being stored on-site until it becomes economically viable to recycle and refine this material for
zinc re:covery.‘6

“ Earthfax Engineering, 1986. Leaching Potential of Slag and Slag-Based Airblasting Abrasives at the Valley Chemicals Corporation
site, Midvale, Utah. Prepared for Valley Materials Corporation. June.

“1 Camp, Dresser, & McKee, 1990. Hydrogeologic information provided during the Sharon Steel Superfund Site Remedial Investigation
and Feasibility Study on Operating Unit 1; Ground Water. U.S. Environmental Protection Agency Administrative Record on the Sharon
Steel/Midvale Tailings site.

“2 EPA Region VIIL. September, 1987. Preliminary Level I Endangerment Assessment, Midvale Slag Site. Document No.: 347-ES1-
RT-FBBL, as a part of "Performance of Remedial Response Activities at Uncontrolied Hazardous Waste Sites.

 Ibig.
4 1bid.
“ Ibid.
6 Engineering Science, Inc. 1984. RCRA 3012 Site Inspection Comments.
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Waste piles have been built on slag deposits of unknown permeability. In general, the waste piles
have received smelting slag from the zinc, copper, and lead processes, fire assay crucibles, used kiln brick, iron
scrap, and pond dredgings.*’

Samples from stormwater run-off taken in 1981 and 1982 show that primary and secondary drinking
water levels were exceeded for arsenic, cadmium, chromium, copper, lead, manganese, mercury, silver, and zinc.
Samples from the southern edge of the slag deposits that were taken in July 1981, and September and
December, 1982 show ranges of total concentrations of metals as follows: arsenic, 0.84 to 11.6 mg/L; cadmium,
2.05 - 12.0 mg/L; chromium, 0.04 - 0.31 mg/L; copper, 16 - 240 mg/L; lead, 28 - 220 mg/L; manganese, 2.3 -
12.0 mg/L; mercury, 0.046 - 0.160 mg/L; and zinc, 21 - 102 mg/L. Silver was detected at 1.28 mg/L. In
addition, EP toxicity criteria were exceeded for lead, cadmium, and arsenic. The Texas Department of Water
Resources concluded that ASARCO was in violation of Texas regulations prohibiting discharge of hazardous
metals to inland waters (TDWR Permanent Rules 156.19.002).8

An Industrial Solid Waste Compliance Monitoring Inspection, conducted in 1985 by the Texas
Department of Water Resources, noted that stormwaters from the slag landfills and from the plant, which has
received much slag fill, have high levels of heavy metals and have discharged into the American Canal and the
Rio Grande River.*?

In 1986, a Solid Waste Compliance Monitoring Inspection Report was completed by the Texas Water
Commission. When compared to concentrations upstream and downstream of the facility, elevated
concentrations of arsenic, lead, cadmium, and copper in Rio Grande sediments near the ASARCO facility
waste slag were found. For example, lead was detected at 7.0 mg/L upstream, 62 mg/L at the ASARCO
facility, and 24 mg/L downstream.’

According to the Texas Water Commission, the primary problems at this site have evolved from
surface run-off from slag piles and unlined settling ponds. In Jume 1987, The TWC Superfund Unit
determined that improvements at the facility, e.g., lining the ponds and diverting surface run-off to a central
retention area for sampling before discharge, had resulted in the company achieving compliance with the Texas
Water Code.*!

6.3.5 Findings Concerning the Hazards of Primary Copper Processing
Special Wastes

Copper Slag

Copper slag constituents that pose the greatest potential threat to human health and environment
include arsenic, copper, lead, molybdenum, and cadmium, although there are nine other contaminants that
exceed the conservative risk screening criteria. Cadmium and lead measured in EP leach tests exceeded the
EP toxicity regulatory levels in one out of roughly 70 samples. However, when analyzed using the SPLP test,
neither of these constituents failed the EP toxicity criteria.

Based on an examination of the characteristics of each site and predictive modeling, copper slag
appears to pose a low risk at most of the active copper facilities. Almost all of these facilities are located in
areas with generally low-risk environmental and exposure characteristics (e.g., very low precipitation and net

47 U.S. Environmental Protection Agency, Region VI. No date. Surface Impoundments Site Inspection Report for Holding Pond and
Storage Facilities Site Inspection Report.

48 U.S. Environmental Protection Agency. August 27, 1984. Potential Hazardous Waste Site Tentative Disposition.

® Texas Department of Water Resources, 1985. Industrial Solid Waste Compliance Monitoring Inspection Report.

50 Texas Water Commission. April 26, 1986. Solid Waste Compliance Monitoring Inspection Report.

51 U.S. Environmental Protection Agency, Region V1. June 2, 1987. Record of Communication from Christy Smith, Head, TWC
Superfund Unit 1o David Gonzalez, Re: ASARCO, Inc.
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recharge, large depths to ground water, minimal use of nearby surface and ground-water resources, and great
distances to potentially exposed populations). A possible exception is the facility in White Pine, M. Using
the conditions at White Pine as a conservative model, the Agency predicts low risks associated with potential
releases of slag contaminants to ground water and air, including cancer risks that are below 1x10° and
contaminant concentrations at possible exposure points that are orders of magnitude below hazard criteria.
Erosion of contaminants into nearby surface waters, however, could cause greater impacts. The Agency
predicts that, if not controlled, erosion from a slag pile could result in annual average surface water
concentrations of lead, iron, and molybdenum that exceed MCLs or irrigation guidelines by a narrow margin
(a factor of 2 or less), as well as copper concentrations that exceed the AWQC by as much as a factor of 65.
Contamination of this magnitude, however, should not actually occur at the White Pine Facility because the
slag dump at that site is equipped with stormwater run-on/run-off controls. Similarly, significant surface water
contamination is not expected at the other sites because the nearest surface waters are farther away and have
a greater assimilative capacity than the conservative conditions that were modeled.

The general lack of documented cases of damage caused by copper slag at the active copper facilities
confirms that the slag at these facilities often poses a low risk. The only damage case for an active site
involved storm water run-off from slag piles at the El Paso facility and subsequent surface water
contamination, as predicted to be possible by the Agency’s modeling. The El Paso facility has since installed
a run-off retention system. The other damage cases are for inactive facilities and demonstrate the potential
for damage under mismanagement scenarios that generally do not represent the industry norm.

Copper Slag Tailings

Compared with the other copper wastes, copper slag tailings contain a smaller number of
contaminants in generally lower concentrations. The greatest potential for hazard appears to be associated
with the tailings’ arsenic concentrations. Based on professional judgment and available sampling results, EPA
believes that the tailings do not exhibit any of the characteristics of a hazardous waste.

Based on the Agency’s review of existing management practices and release/exposure conditions, as
well as the lack of documented cases of damage caused by copper slag tailings, the overall hazard associated
with the tailings appears to be low. Although the tailings are generated as a slurry and co-managed with
liquids that could serve as a leaching medium, the contaminant concentrations in the leachate are generally
low. Furthermore, ground water at the three facilities that actively generate and manage the tailings is either
very deep (and thus somewhat protected) or not used within a mile. It is possible, however, that the ground
water could be used sometime in the future. Except for the White Pine facility, where there is a moderate
potential for tailings contaminants to migrate into surface water, the potential for the tailings to cause
significant surface water contamination appears very remote. Airborne dusting from the tailings piles can and
does occasionally occur. Windblown dust from the piles should be studied further and, if needed, controlled
to prevent significant inhalation exposures to arsenic and chromium.

Calcium Sulfate Sludge

Although calcium sulfate sludge contains as many as 12 contaminants that could pose a risk under
worst-case exposure conditions, the constituents that pose the greatest potential threat to human health and
the environment are arsenic, cadmium, lead, and selenium. Concentrations of arsenic and selenium in the
sludge leachate, as measured using the EP leach test, exceeded the EP toxicity regulatory levels in seven out
of seven samples, while cadmium exceeded the regulatory level in six of seven samples. However, using the
SPLP test, no contaminants exceeded the EP toxicity regulatory levels.

Based on a review of existing management practices and facility settings, as well as predictive modeling
results, EPA believes that the hazards associated with calcium sulfate sludge are generally low at the two
facilities where it is currently generated. Both facilities that actively generate and manage the sludge are
located in very arid locations (Hayden, AZ and Garfield, UT) where there is very little precipitation and
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recharge to ground water. Even the liquids used to slurry the sludge into the impoundments are expected to
quickly evaporate, rather than seep into the ground. Considering this lack of water to carry sludge
contaminants to the subsurface, along with the depths to ground water and the tendency of the sludge
contaminants to bind to soil, EPA predicts that it would take more than 200 years for contaminants to migrate
from the sludge into ground water. However, there does appear to be a slight potential for surface water
contamination caused by sludge management practices at one of the sites. If the impoundment at Hayden is
conservatively assumed to be filled with siudge and not equipped with a cover or run-off control system, the
Agency predicts that erosion from the impoundment could cause arsenic and silver concentrations in the
nearby Gila River that exceed health and ecological protection criteria. However, because the impoundment
at Hayden is in fact equipped with run-off controls, surface water contamination of this magnitude is not
actually expected. The potential for significant releases of windblown dust from the sludge appears very
remote, because the surface of the sludge dries to form a crust that is resistant to wind erosion.

No cases of documented damage caused by the sludge were discovered by EPA. This finding supports
the conclusion that as currently managed the siudge poses a generally low hazard.

The intrinsic hazard of the waste, however, is high. Several other primary copper facilities may
generate the sludge in the future, especially if the waste remains excluded from RCRA Subtitle C regulations.
As discussed above with respect to slag and slag tailings, the environmental settings of some of these other
facilities is such that risks associated with calcium sulfate sludge generated at these facilities could be higher
than at the two facilities where it is currently generated, assuming that the additional facilities used
management practices similar to those currently in use. Similarly, off-site use or disposal could result in higher
risks than those predicted for the facilities where the waste is currently generated.

6.4 Existing Federal and State Waste Management Controls

6.4.1 Federal Regulation

Under the Clean Water Act, EPA has the responsibility for setting "effluent limitations,” based on
the performance capability of treatment technologies. These "technology based limitations,” which provide the
basis for minimum requirements of NPDES permits, must be established for various classes of industrial
discharges, which include a number of ore and mineral processing categories.

Permits for mineral processing facilities may require compliance with effluent guidelines based on best
practicable control technology currently available (BPT) or best available technology economically achievable
(BAT). BPT and BAT requirements for primary copper smelting specify that there shall be no discharge of
process wastewater pollutants to navigable waters (40 CFR 421.43 and 421.44).32

A number of States with primary copper smelter facilities do not have EPA-approved NPDES
programs. In New Mexico, Region VI personnel have stated that existing Federal guidelines are applied for
discharges from primary copper smelters. However, the Region may adopt State water quality criteria or any
other standards that are more stringent than Federal guidelines as required by Sections 402 and 510 of the
CWA. Similarly, the State of Arizona has no approved NPDES program; therefore, Federal requirements
would be applicable. Region X may, however, adopt State water quality standards more stringent than
Federal guidelines.

Limitations on air emissions, National Emission Standard for Hazardous Air Pollutants (NESHAP),
have been established by EPA under the Clean Air Act (40 CFR 61.12) for emissions of inorganic arsenic from
primary copper smelter convertors. The standards require operators to meet certain design, equipment, work
practice, and operational requirements in order to achieve emission reductions.

52 This limitation includes a provision, however, that an impoundment designed to contain the 10-year, 24-hour rainfall event may
discharge that volume of process wastewater which is equivalent to the volume of precipitation that falls within the impoundment in excess
of that attributable to the 10-year, 24-hour rainfall event, when such event occurs.
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The Cyprus Miami Mining Corporation Copper Smelter in Claypool, Arizona is located on Federal
land, in a National Forest. This facility is subject to the regulations set forth by the U.S. Forest Service.
National Forest System lands are regulated by the U.S. Department of Agriculture’s Forest Service. The
regulations governing the use of the surface of National Forest Service lands (36 CFR 228 Subpart A) are
intended to "minimize adverse environmental impacts...." The regulations require that operators file a "notice
of intent to operate." If deemed necessary, the operator may be required to submit a proposed plan of
operations in order to ensure minimal adverse environmental impact.

The National Environmental Policy Act (NEPA) may also be applicable to this facility. NEPA may
require that an Environmental Impact Statement (EIS), which establishes the framework by which EPA and
the Council on Environmental Quality may impose environmental protection requirements (40 CFR Parts
1500-1508), be prepared for any ore processing activities on Federal lands.

6.4.2 State Regulation

One or more of the three special wastes from primary copper processing (slag, slag tailings, and
calcium sulfate sludge) are generated at 10 facilities located in five states, including Arizona (three facilities),
Michigan (one facility), New Mexico (two facilities), Texas (three facilities), and Utah (one facility). All five
of these states exempt the special primary copper processing wastes generated by the facilities from regulation
as hazardous waste. Of these five states, only Michigan was not selected for detailed study for the purposes
of this report (see Chapter 2 for a discussion of the methodology used for selecting study states). Copper slag
is generated at facilities located in all four of the study states, while slag tailings and calcium sulfate sludge
are generated at facilities located in Arizona and Utah only. Based on the location of the nine facilities in
the four study states, and the waste streams that those facilities generate, the state regulation of primary
copper processing wastes is of principal interest in the States of Arizona, Utah, and Texas.

The three primary copper processing facilities in Arizona generate one or more of this sector’s three
special wastes. Because Arizona’s solid waste regulations classify mineral processing wastes as industrial solid
wastes, all three waste streams are subject to these solid waste regulations. According to state officials,
however, the state’s emphasis in implementing its regulations has been on municipal solid waste landfilis; the
state has not imposed regulations specifically addressing wastes from mining or mineral processing operations.
Arizona also has in place a ground-water discharge permitting program that specifically lists surface
impoundments, including holding impoundments, storage settling impoundments, treatment or disposal pits,
ponds, lagoons, and mine tailings piles or ponds, as discharging units that must be permitted. Arizona has
focused its efforts to date, however, on permitting new facilities. The single facility generating calcium suifate
sludge, thus, does not have a ground-water discharge permit, while the other two facilities have permits for
only selected mining and mineral processing waste units. Finally, Arizona regulations adopt federal new and
existing source performance standards for primary copper smelting operations, including fugitive dust
limitation conditions for tailings piles and ponds.

Utah is the only other state in which all three special wastes from primary copper processing are
generated. A single copper processing facility in Utah generates all of these wastes. Utah excludes all of these
processing wastes from both its hazardous waste and solid waste regulations. The state does have an approved
NPDES program, however, and imposes discharge permit requirements on the tailings impoundment used for
disposing slag tailings and other wastes at its one facility. The state also recently enacted new ground-water
protection legislation, though it has not yet issued any ground-water discharge permits. Finally, Utah’s air
regulations specifically regulate sulfur dioxide and visible compounds air emissions at the facility, but address
fugitive dust emissions only under general requirements for tailings ponds and piles.

The two facilities in New Mexico, three facilities in Texas, and one facility in Michigan generate
copper slag only, though two of the Texas facilities do not generate smelter slag and recycie their converter
and anode slag. New Mexico specifically excludes mineral processing wastes from its solid waste regulations.
Both EPA and state effluent discharge limitations apply at both New Mexico facilities. Moreover, both
facilities have discharge plans for the protection of ground water, though neither of the facilities’ plans address
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slag disposal. Similarly, New Mexico’s air regulations require permits for all sources of air contaminants and
specify limitations for a variety of mineral processing operations, though copper processing is not mentioned
specifically. In contrast to New Mexico, Texas addresses copper slag under its solid waste regulations. Only
one of the three facilities in the state, ASARCO’s El Paso facility, is subject to the requirements of these
regulations and other environmental regulations, however. The state has not addressed the other two facilities
because those facilities reuse their slag. Moreover, Texas has required only that the ASARCO plant notify
the state of its waste management activities and provide basic waste characterization information; the state has
not required a solid waste disposal permit at the facility because ASARCO disposes of its slag on property
that is both within 50 miles of the facility and is controlled by the company. Texas surface and ground-water
protection criteria and fugitive dust emission controls apply at the ASARCO facility only. Texas has not
imposed fugitive dust controls at the ASARCO facility, but has actively implemented its water protection
regulations and is currently administering an enforcement order addressing un-permitted releases to the Rio
Grande River. Finally, although Michigan was not studied in detail for this report, review of the state’s
regulations suggest that the copper slag generated at the White Pine facility is exempt from solid waste
regulations because it is reused.

In summary, all of the states with primary copper processing facilities exclude the special processing
wastes generated at these facilities from their hazardous waste regulations. The states vary in the application
of solid waste regulations to these wastes. Both Utah and New Mexico specifically exempt mineral processing
wastes from solid waste regulation, while Michigan’s regulations contain exemptions for slag that is reused or
reprocessed. Although Arizona and Texas classify primary copper processing wastes as solid wastes, neither
state has actively regulated the management of these wastes under such authority. In contrast, all of the states
appear to address some or all of the copper processing wastes generated within their borders to some extent
under state surface water discharge permitting programs, while Arizona and New Mexico have ground-water
discharge permit programs and Utah recently enacted ground-water protection legislation that will require
permits. Finally, although all of the states appear to have general fugitive dust emission control requirements
that could apply to copper processing wastes, the extent to which those requirements are being applied is not
clear.

6.5 Waste Management Alternatives and Potential Utilization

6.5.1 Waste Management Alternatives

Waste management aiternatives, as discussed here, include both waste disposal alternatives (e.g.,
landfills and waste piles) and methods of minimizing the amount of waste generated. Waste minimization
alternatives include source reduction or recycling that results in either the reduction of total volume or toxicity
of the waste. Source reduction is a reduction of waste generation at the source, usually within a process, that
can include treatment processes, process modifications, feedstock (raw material) substitution, housekeeping
and management practices, and increases in efficiency of machinery and equipment. Source reduction includes
any activity that reduces the amount of waste that exits a process. Recycling refers to the use or reuse of a
waste as an effective substitute for a commercial product, or as an ingredient or feedstock in an industrial
process.

Opportunities for waste minimization through raw materials substitutions are limited in general by
the characteristics of the ores that are processed. Selection of source ores, improved beneficiation techniques,
or improvements in smelting technology, however, in some cases may lead to reduced slag volumes. Other
source reduction opportunities may involve process modifications that increase the efficiency of metal recovery
during the smelting operation.

The following discussion describes opportunities for recycling copper smelter slag that are practiced
in the U.S. and miscellaneous potential waste minimization practices for all three special wastes generated in
primary copper processing.
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Recycling Copper Slag

The primary purpose of recycling copper slag is to recover additional copper from the slag. There
are six types of primary copper slag generated in the U.S.: converter, anode, reverberatory furnace, electric
furnace, flash furnace, and continuous smelter slags. Opportunities for recycling slag exist primarily for the
four types of smelter slag because most, if not all, of the converter and anode furnace slag generated at
primary copper processing facilities in the U.S. already is recycled to the process -- anode furnace slag to the
converter and converter slag to the smelter. There are three primary methods of recycling copper smelter slag
used at U.S. facilities. The method used depends upon the type of smelting furnace at the facility.

Description

Recycling of reverberatory furnace slag involves crushing and screening, and a subsequent separation
of the minerals in the slag by froth flotation in a concentrator. In this process, the copper is caused to float
to the surface with the addition of chemicals called "floaters,” and is removed in a foam of air bubbles. Other
minerals sink to the bottom, are carried out in the slurry, and are disposed of in tailings ponds. The primary
residuals from this process are wastewater (about 50 to 230 metric tons per metric ton of concentrate) and
the tailings (about 25 to 50 metric tons per ton of concentrate.)

Electric furnace slag has a lower copper content than reverberatory furnace slag, making it less
amenable to recycling using a concentrator. In fact, electric furnace treatment is one method of recycling slag,
as discussed below.

Flash furnace and continuous (Noranda) smelter slags are relatively high in copper content. This
copper may be reclaimed by electric furnace slag treatment or by slow cooling, crushing, and flotation. Coke
is used in an electric furnace to reduce sulfates and metallic copper and reconstitute the copper as a sulfide.
The molten copper matte may then be recycled to a converter to produce copper metal. In the flotation
process, the molten slag is cooled slowly, and copper forms as either small particles of metallic copper or
crystals of copper-iron sulfide. These particles are held in a matrix of primarily iron silicate. The slag is
reclaimed, crushed, and sent to the concentrator. The concentrate is then returned to the smelting
process.>334

Current and Potential Use

Of the three U.S. facilities operating reverberatory furnaces in 1988, one has classified its production
statistics as confidential. The two other facilities are the Copper Range Company in White Pine, Michigan,
and the Magma Copper Company in San Manuel, Arizona. As noted in Section 6.2.3, the Copper Range
facility generated and stored 165,000 metric tons of reverberatory furnace slag in 1988. The Copper Range
Company’s slag pile has accumulated 1,360,000 metric tons of slag, and the facility retrieved 212,000 metric
tons of slag from the pile for recycling to the concentrator in 198855 The Magma facility also added 309,000
metric tons of reverberatory furnace slag in an on-site slag pile in 1988, but mmed" and recycled 996,000
metric tons of reverberatory furnace slag from the plle

53 PEDCo Environmental, Inc., Industrial Process Profiles for Environmental Use, Chapter 29: Primary Copper Industry, EPA-
600/2-80-170, Environmental Protection Technology Series, Industrial Environmental Research Laboratory, ORD, U.S. Eavironmental
Protection Agency, July 1980, p. 49.

54 White, Lane, "Copper Recovery from Flash Smelter Slags: Outokumpu Upgrades Sorting of Slags and Flotation of Copper,”
Engineering and Mining Journal, November 1983, pp. 77-81.

55 Copper Range Company, 1989. Company Response to the "National Survey of Solid Wastes from Mineral Processing
Facilities," U.S. EPA.

5 Magma Copper Company, 1989. Company Response 1o the "National Survey of Solid Wastes from Mineral Processing
Facilities,” U.S. EPA.
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Electric furnaces were used by two facilities in 1988: the Cyprus Miami Mining Corporation in
Claypool, Arizona and the Phelps Dodge Mining Company in Playas, New Mexico. The Cyprus facility
generated 310,000 metric tons of electric furnace slag in 1988 and disposed 100 percent of it in a tailings pond.
C-prus did not recycle any slag in 1988.57 The Phelps Dodge facility operated an electric furnace to process
the slag from its flash furnace operations. Its electric furnace generated 336,000 metric tons of slag in 1983.
All of the electric furnace slag was sent 10 a slag pile for disposal and no slag was recycle,d.58

Production statistics for three of the four U.S. facilities employing flash furnaces are non-confidential.
The Phelps Dodge Mining Company facility in Playas, New Mexico, the Chino Mines Company (Phelps
Dodge) facility in Hurley, New Mexico, and the Magma Copper Company facility in San Manuel, Arizona all
operated flash furnaces in 1988. As noted above, the Phelps Dodge facility in Playas sent all of its flash
furnace slag to an electric furnace for processing.” The Chino/Phelps Dodge facility in Hurley generated
363,000 metric tons of slag from its INCO flash furnace in 1988 and recycled none.% The Magma facility
replaced its reverberatory furnaces with a singie flash furnace in 1988. This flash furnace generated 190,000
metric tons of slag in 1988. Magma reportedly recycles all of its flash furnace slag to the ore concentrator.%?

Finally, the Kennecott Copper Company in Garfield, Utah generated 395,000 metric tons of slag from
its continuous Noranda process. This facility reported recycling all of the slag it generated to the slag
concentrator.®

The two copper smelting facilities with confidential production statistics are ASARCO’s facilities in
El Paso, Texas, and Hayden, Arizona. The El Paso facility temporarily stores its slag in a slag pile and sells
it to an on-site third party. The material is then used for railroad fill, ballast, and blasting abrasive.®> The
Hayden facility disposes of slag in an on-site slag pile and reprocesses a portion to recover the copper
content.

Most facilities operating flash furnaces or continuous smelters recycle their smelter slag to the
process. Recycling of reverberatory and electric furnace slags is not as common. There may be potential for
increasing the quantity of copper smelter slag that is recycled, but it is not clear that such an increase would
be economically feasible or that it would substantially affect the volume or composition of the slag generated.

Factors Relevant to Regulatory Status

The specific effects of slag recycling on volume and composition of copper slag are uncertain.
Recycling slags to a concentrator reduces volume and copper content of the slag, but creates slag tailings and

57 Cyprus Miami Mining Corporation, 1989. Company Response to the "National Survey of Solid Wastes from Mineral Processing
Facilities," U.S. EPA.

58 Phelps Dodge Mining Company, 1989. Company Response to the “National Survey of Solid Wastes from Mineral Processing
Facilities," U.S. EPA.

% Pheips Dodge Mining Company, 1989. Company Response to the "National Survey of Solid Wastes from Mineral Processing
Facilities,” U.S. EPA.

€ Chino Mines Company, 1989. Company Response to the "National Survey of Solid Wastes from Mineral Processing Facilities,”
U.S. EPA.

1 Magma Copper Company, 1989. Company Response to the "National Survey of Solid Wastes from Mineral Processing
Facilities," U.S. EPA.

€ Kennecott Copper Company, 1989. Company Response to the "National Survey of Solid Wastes from Mineral Processing
Facilities,” U.S. EPA.

€ ASARCO Incorporated-El Paso Plant, 1989. Company Response to the "National Survey of Solid Wastes from Mineral
Processing Facilities,” U.S. EPA.

6 ASARCO Incorporated-Hayden Plant, 1989. Company Response to the "National Survey of Solid Wastes from Mineral
Processing Facilities,” U.S. EPA
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associated wastewater. Electric furnace treatment of flash or continuous smelter slag generates a slag with a
similar content as reverberatory furnace slag.65

Feasibility

It is technically feasible to increase slag recycling at facilities that do not currently recycle 100 percent
of their smelter slag, but it is not certain that more recycling would be profitable. The primary factor
influencing a facility’s decision to recycle smelter slag is the concentration of copper in the slag. Slags with
low copper content, such as the electric furnace slags, are likely to be disposed instead of recycled due to the
increased costs associated with recycling and the minimal benefits (i.e., small quantities of copper recovered).

Miscellaneous Waste Minimization Practices

Some research has been conducted on removing secondary elements from copper slag. The methods
researched are worth noting as potential waste minimization practices.

Copper and Secondary Metals Recovery from Converter Slag

Researchers in India have found that copper converter slag with a magnetite content of approximately
8 percent and a FeO/SiO, ratio of about 1.2 could be leached at high temperatures with dilute sulfuric acid
to recover most of the copper and about 90 percent of the nickel and cobalt. Slags with a higher magnetite
content (15-20 percent) and a greater FeO/SiO, ratio (1.3) only allowed 40-60 percent recovery of the
secondan;yé metals. Slow-cooling this slag, however, enhanced recovery of contained nickel and cobalt to 90
percent.

iron Recovery and Glass Fiber Reduction from Slag

Researchers from U.C.L.A. found that copper slag from ASARCO’s Hayden, Arizona facility could
be converted into glass fiber and that iron from the slag could be recovered. The researchers melted down
a mixture of 90 percent copper slag and 10 percent CaCO; in a Harper globar electric heating furnace using
graphite and coal powder as reductants. On remelting, the copper slag usually corrodes oxide refractories
because of the iron in the slag, but the addition of coal or graphite to the batch lowered the slag’s melting
temperature and actually reduced the refractory corrosion. Iron was recovered from the slag by the reduction
of the oxide through the ferrous state to the metallic state. Glass was then cast and glass fibers were drawn
from the melt.8’

Minimization of Slag Tallings and Calcium Sulfate Sludge

EPA did not find any information in the literature reviewed concerning minimization of copper slag
tailings or calcium sulfate sludge generated by primary copper processing facilities. Copper slag tailings are
generated when copper slag is recycled to the concentrator; therefore, the copper content of the tailings could
potentially be reduced if a more effective method of concentration were developed. The quantity and
composition of both slag tailings and calcium sulfate siudge could be altered if a feasible method of recovering
metals (e.g., lead, zinc) were devised for these two special wastes.

& PEDCo Environmental, Inc., op. cit., p. 68.

% Das, R.P, S. Anand, K. Sarveswara Rao0, and P.X. Jena, 1987, "Leaching Behavior of Copper Converter Slag Obtained Under
Different Cooling Conditions,” Trans. Institution of Mining and Metallurgy (Section C: Mineral Process. Extr. Metallurgy), Vol. 96,
September, p. C161.

& Chung, C.H., T. Minzuno, and J.D. Mackenzie, 1978, "Iron Recovery and Glass Fiber Production from Copper Slag,”
Proceedings of the Sixth Mineral Waste Utilization Symposium, Chicago, IL, May 2-3, pp. 145-147.
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bisposal Alternatives

None of the primary copper processing facilities send their special wastes off-site for disposal. While
it is conceivable that some, or even all, of the copper processors could do so, the cost of transporting large
volumes of copper slag, slag tailings, or calcium sulfate sludge and the rising cost of commercial landfill
capacity make it unlikely that copper processors would utilize off-site disposal capacity if on-site capacity is
available and the regulatory environment does not change. Situations that could increase the likelihood of
off-site disposal are the classification of one or more of the special wastes as hazardous wastes, a limited
amount of capacity for on-site disposal, and smaller volumes of special wastes generated.

6.5.2 Utilization

Copper slags historically have been utilized in a variety of ways. Though most copper processing
facilities currently recycle or dispose of their slag, there are numerous opportunities for utilization. The
application that could potentially use the largest quantities of copper slag is use as a highway construction
aggregate. Copper slag tailings have also been utilized for construction purposes in the past, but all facilities
currently generating tailings dispose of them. The following section analyzes the potential, as identified in the
literature, for use of copper slag in highway construction and various other capacities and discusses past uses
of copper slag tailings.

Utilization as a Highway Construction Aggregate

Description

Copper slag has been used experimentally in bituminous wearing surfaces (asphalt) and as a seal coat
aggregate in highway construction. Copper slag is a hard, dense material which is either granulated (water
cooled) or air cooled. Granulated slags generally range from -8 mesh to +100 mesh in diameter and are
considered unsuitable for highway construction because of their resistance to compaction. Air cooled slags,
which are the most usable as an aggregate, can range in size from +4 mesh to chunks that measure several
inches in diameter. Copper slags, particularly air cooled slags, may require additional crushing and/or
screening to achieve uniform sizes for particular applications.

Current and Potential Use

In the past, copper slag has been used as an aggregate in asphalt and seal coats in Arizona and Utah,
states which are among the top generators of copper slag. When used as an aggregate in asphalt, the copper
slag performed well and was shown to have desirable anti-skid and wear resistant properties, but these
pavements have a high cost associated with them due to the heavy weight (and associated transportation costs)
of the aggregate. Therefore, the Utah Department of Highways concluded that the most economical use of
copper slag is as a seal coat aggregate. One problem associated with surface mixtures incorporating copper
slag is that the aggregate particles have a tendency to become dislodged by traffic, posing the possibility of
damaging windshields.%?

The Testing and Research Division of the Michigan State Highway and Transportation Commission
investigated copper reverberatory slag from the White Pine smelter in Michigan for its suitability as an
aggregate in highway construction. A number of evaluative tests were performed and the material was found

b Collins, RJ. and R.H. Miller, 1976, op.cit., pp. 111-112, 170.
“ Ibid., pp. 114, 166, 170.
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to be suitable as aggregate for all types of highway construction with the exception of aggregate for portland
cement concrete.”

Access to Markets

It is important that a waste being used as an aggregate be located as close as possible to its market
in order to keep transportation costs low. Wastes located within 50 to 100 miles of major metropolitan areas
or aggregate shortage areas are considered as being near potential markets.”!  The Cyprus facility in
Claypool, Arizona is located 70 miles from Phoenix, Arizona and the Magma facility located in San Manuel,
Arizona is located 30 miles from Tucson, Arizona. Also, there is an aggregate shortage located in Northeast
Arizona, Southeast Utah, and Northwest New Mexico in which the copper slag from the Arizona, Utah, and
New Mexico facilities could be utilized. The Copper Range facility in White Pine, Michigan does not foresee
an opportunity for utilization of its slag because of the distance from the facility to potential markets for the
slag and high transportation costs, especially since there is no railhead located at the facility.

Feasibility

The major factor in determining the technical feasibility of using copper slag as an aggregate for
highway construction is the mechanical properties of the slag. The economic feasibility of using copper slag
as an aggregate will depend on the selling price of the slag and retrieval, processing, and transportation costs
associated with a particular use in a particular area.

Miscellaneous Uses

Several examples of copper slag and copper slag tailings utilization are cited in the literature, but very
few details are provided other than the fact that it has been utilized in some capacity. Given the limited
availability of information, a brief discussion of these miscellaneous utilizations is provided below.

Other Construction Materials

Studies have indicated that copper slag has potential use as portland cement replacement in concrete.
Mortars incorporating air cooled or quenched slag ground to S000 cm?/g exhibit compressive strengths that
suggest the possibility of their use for structural concrete, but the costs associated with grinding might not
justify this use.”? Also, copper slag can be used as a source of iron in the manufacturing of portiand
cement,” (as distinct from use as aggregate in portland cement concrete).

There are a number of other uses of copper slag in construction materials. Granulated copper slag
was used during the reconstruction of a portion of the New Jersey Turnpike as an embankment material.”
Copper slag has also been used for road cindering, and as granules for roof shingles. The Copper Range
Company in Michigan has used a very small portion (less than 1 percent) of its copper slag locally for
driveways, as pipe bedding, and in road beds, when mixed with a sufficient quantity of road rock. Copper slag

™ Collins, RJ. and R.H. Miller, 1977, Availability of Mining Wastes and Their Potential for Use as Highway Material - Executive
Summary, FHWA-RD-78-28, prepared for Federal Highway Administration, September, p. 21.

™ Ibid, p. 239.

7 Douglas, Esther and Paul R. Mainwaring, 1985, "Hydration and Pozzolanic Activity of Nonferrous Slags,” American Ceramic
Society Bulletin, Vol. 64, No. 5, p. 706.

™ Collins, Robert 1., 1978, "Construction Industry Efforts 1o Utilize Mining and Metallurgical Wastes," Proceedings of the Sixth
Mineral Waste Utilization Symposium, Chicago, IL, May 2-3, p. 141.

74 I_b_i_g.
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has been found to have very good drainage characteristics and would be well suited for drainfield
construction.”

Road or Railroad Ballast

Sized copper slag is an excellent material for use as road or railroad ballast because of its high natural
angle of repose and its ability to maintain slopes. For example, copper slag from the Southwest was used in
construction of a large portion of the Southern Pacific roadbed from New Orleans to San Francisco.”®

Mineral Wool Insulation

The Copper Range Company in White Pine, Michigan shipped 38,486 metric tons of copper slag
between November 1976 and December 1977 to mineral wool manufacturers. In mineral wool manufacturing,
sized copper slag is mixed with other materials to adjust the overall composition of feed to the furnace. The
slag mixture is melted with coke in a cupola furnace, and the moiten stream from the furnace is spun into a
mineral wool.”” Copper slag was used in mineral wool production extensively in the past, but has largely
been replaced as an input material by steel and iron slags due to the air pollution concerns associated with
arsenic and hydrogen sulfide residuals in the copper slag.”®

Application as an Abradant

Granulated copper slag is used as an abradant in abrasive machining. Other potential uses of copper
slag grains are as grit in abrasive blasting, in abrasive tools bonded with low melting ceramic binders, in elastic
polyurethane bonded abrasive tools, and in abrasive compounds. It has been discovered that heat treatment
enhances the strength of copper slag grains, consequently increasing its potential use in abradants.”®

Utllization of Copper Slag Tailings

Copper slag tailings and ore tailings may be co-generated by a concentrator or mixed for disposal if
there are separate slag and ore concentrators at the facility. References in the literature to the use of copper
tailings do not clearly state whether the past uses of tailings applied to only ore tailings, only slag tailings, or
both. Presumably, the mechanical properties of both types of tailings will be similar and they could be used
individually or in combination for each application.

Copper tailings were used in both Michigan and Utah as embankment material and in bituminous
mixtures. In Michigan, an unspecified quantity was used as embankment and sub-base material for U.S. Route
41 and for other projects as an aggregate in bituminous mixes and as anti-skid material. Between 1972 and
1976, over 5 million metric tons of classified copper tailings from the Kennecott facility were used in the
construction of highway embankments throughout the State. Kennecott constructed a separation facility in
1972 to classify and deposit coarser tailing products which are suitable for use in highway embankments. The
largest use of the tailings was 3 million metric tons in the construction of 9.6 kilometers of embankment for

7 Snyder, Houston L., 1990, Director of Safety and Environmental Affairs, Copper Range Company, White Pine, Michigan,
personal communication, April 9.

% Bingham, Edward R., 1968, "Waste Utilization in the Copper Industry,” Proceedings of the First Mineral Waste Utilization
Symposium, Chicago, IL, March 27-28, p. 75.

™ Clarkson, 1.F., R.H. Johnson, E. Siegal, and W.M. Viasak, 1978, "Utilization of Smelier Slags at White Pme Copper Division,”
Proceedings of the Sixth Mineral Waste Utilization Symposium, Chicago, IL, May 2-3, p. 9.

™ Brayman, Bill, Vice President, Rockwool Manufacturing Company, Leeds, Alabama, personal communication, April 11, 1990.
™ Wozniak, K., 1988, "Cutting Property Assessment of Copper Slag," Metal Finishing, November, p. 37.
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Interstate 215. Utah also used tailings as a mineral filler in bituminous mixtures, but the Department of
Highways found that this application was not as successful as use in embankment construction.

Conclusions

Although copper slag and slag tailings are commonly either recycled or disposed of in stacks or ponds,
there does appear to be some potential for utilization of these materials, particularly in construction
applications. There is no indication in the literature reviewed that there are any potential means of utilizing
calcium sulfate studge. If the special wastes were used as construction materials there might, under some
circumstances, be concerns regarding potential contaminant release and subsequent environmental degradation.
It is unclear whether such non-disposal management alternatives represent a net reduction in the risks posed
by these materials as compared to current practices. One major obstacle to more widespread utilization of
the special wastes is social acceptability. While utilization of copper slag and slag tailings is likely to be more
acceptable to the public than utilization of some of the other special wastes (e.g., lead slag), some opposition
to their use in construction materials or in other capacities may be expected.

6.6 Cost and Economic Impacts

Section 8002(p) of RCRA directs EPA to examine the costs of alternative practices for the
management of the special wastes considered in this report. EPA has responded to this requirement by
evaluating the operational changes that would be implied by compliance with three different regulatory
scenarios, as described in Chapter 2. In reviewing and evaluating the Agency’s estimates of the cost and
economic impacts associated with these changes, it is important to remember what the regulatory scenarios
imply, and what assumptions have been made in conducting the analysis.

The focus of the Subtitle C compliance scenario is on the costs of constructing and operating
hazardous waste land disposal units. Other important aspects of the Subtitle C system (e.g., corrective action)
have not been explicitly factored into the cost analysis. Therefore, differences between the costs estimated for
Subtitle C compliance and those under other scenarios (particularly Subtitle C-Minus) are less than they might
be under an alternative set of conditions (e.g., if most affected facilities were not already subject to Subtitle C).
The Subtitle C-Minus scenario represents, as discussed above in Chapter 2, the minimum requirements that
would apply to any of the special wastes that are ultimately regulated as hazardous wastes; this scenario does
not reflect any actual determinations or preliminary judgments concerning the specific requirements that would
apply to any such wastes. Further, the Subtitle D-Plus scenario represents one of many possible approaches
to a Subtitle D program for special mineral processing wastes, and has been included in this report only for
illustrative purposes. The cost estimates provided below for the three scenarios considered in this report must
be interpreted accordingly.

In accordance with the spirit of RCRA §8002(p), EPA has focused its analysis on impacts on the firms
and facilities generating the special wastes, rather than on net impacts to society in the aggregate. Therefore,
the cost analysis has been conducted on an after-tax basis, using a discount rate based on a previously
developed estimate of the weighted average cost of capital to U.S. industrial firms (9.49 percent), as discussed
in Chapter 2. Waste generation rate estimates (which are directly proportional to costs) for the period of
analysis (the present through 1995) have been developed in consuitation with the U.S Bureau of Mines.

In this section, EPA first outlines the way in which it has identified and evaluated the waste
management practices that would be employed under different regulatory scenarios by the primary copper
facilities generating the three special wastes. Next, the Agency discusses the cost implications of requiring
these changes to existing waste management practices. The last part of this section of the chapter estimates
and discusses the ultimate impacts of the increased waste management costs faced by the affected facilities.

® Coliins, RJ. and R.H. Miller, 1976, op. cit., pp. 150-151, 176, 182.
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6.6.1 Regulatory Scenarios and Required Management Practices

Based upon the information presented above, EPA believes that copper slag and copper calcium
sulfate sludge may be EP toxic at some facilities. Accordingly, the Agency has estimated the costs associated
with regulation under Subtitle C of RCRA, as well as with two somewhat less stringent regulatory scenarios,
referred to here as "Subtitle C-Minus" and "Subtitle D-Plus,” as previously introduced in Chapter 2, and as
described in specific detail below.

EPA has adopted a conservative approach in conducting its cost analysis for the wastes generated by
the primary copper industry. For the two wastes that pose potential risk, the Agency has assumed that these
materials would exhibit EP toxicity at all facilities unless actual sampling and analysis data demonstrate
otherwise8l. EPA’s waste sampling data indicate that copper slag does not exhibit any characteristics of
hazardous waste at all but one of the facilities that generate the material. The Agency’s cost and impact
analysis for slag is therefore limited to that one facility, Phelps Dodge/Playas, whose slag exhibited EP toxicity
for cadmium and lead. Similarly, non-confidential sampling data are available from one of the two facilities
generating calcium sulfate sludge; these data indicate EP toxicity for arsenic, cadmium, and selenium. Sludge
from both facilities is assumed to be potentially hazardous, therefore, cost impacts for both facilities have been
estimated. Costs and impacts have not been estimated for copper slag tailings, because the waste does not
exhibit any of the four hazardous waste characteristics and appears to pose low overall hazard, as discussed
above.

Copper Slag

Subtitle C

Under Subtitle C standards, generators of hazardous waste that is managed on-site must meet the
rigorous standards codified at 40 CFR Part 264 for hazardous waste treatment, storage, and disposal facilities.
Because copper slag is a solid, non-combustible material, and because under full Subtitle C regulation,
hazardous wastes cannot be permanently disposed of in waste piles, EPA has assumed in this analysis that the
ultimate disposition of copper slag would be in Subtitle C landfills. Because, however, current practice at the
potentially affected primary copper facility is disposal of slag in a wastepile, the Agency has assumed that the
facility would also construct a small temporary storage waste pile (with capacity of one week’s waste
generation) that would enable the operator to send the slag to on-site disposal efficiently. To accommodate
the large waste volume generated at the Playas facility (almost 365,000 mt/yr), EPA believes that the least-cost
option would be for the facility operator to construct one on-site landfill that meets the minimum technology
standards specified at 40 CFR 264, rather than ship the material off-site to a commercial hazardous waste
landfill or build multiple landfills. Furthermore, EPA has adopted the conservative assumption that the
operator of the smelter would continue to dispose of its slag, rather than attempt to recycle it. The Agency
recognizes, however, that given the large quantities of material generated and the high cost of Subtitle C waste
management (discussed more fully below), that the affected firm may well choose to recycle, or reduce the
generation rates of its smelter slag.

Subtitle C-Minus

A primary difference between full Subtitle C and Subtitle C-minus is the facility-specific application
of requirements based on potential risk from the hazardous special waste. Under the C-minus scenario, as
well as the Subtitle D-Plus scenario described below, the degree of potential risk of contaminating groundwater

81An exception to this general approach concerns the anode furnace slag generated at the ASARCO-Amarillo and Phelps Dodge-
El Paso facilities, both of which are stand-alone refinenes. Because EPA has no sampling data on this specific component of copper
slag, and because all anode furnace slag is recycled by all facility operators, the Agency has assumed that generators would not incur
compliance costs related to management of this material in the absence of the Mining Waste Exclusion.
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resources was used as a decision criterion in determining what level of protection (e.g., liner and closure cap
requirements) will be necessary to protect human health and the environment. The Playas facility was
determined to have a low potential to contaminate groundwater resources. Therefore, under Subtitie C-minus,
the facility would be allowed to continue to operate its present disposal wastepiles, though run-on/run-off and
wind dispersal/dust suppression controls are assumed to be required for the unit, as well as groundwater
monitoring. In addition, the unit must undergo formal closure, including a cap of crushed stone, and post-
closure care must be maintained (e.g., leachate/run-off collection and treatment, cap maintenance, and
continued groundwater monitoring) for a period of thirty years.

Subtitle D-Plus

As under both Subtitle C scenarios, the facility operator would, under the Subtitle D-plus scenario,
be required to ensure that hazardous contaminants do not escape into the environment. Like the Subtitle C-
minus scenario, facility-specific requirements are applied to allow the level of protection to increase as the
potential risk to groundwater increases. As the Playas facility has low potential to contaminate groundwater
resources, Phelps Dodge is assumed to be allowed to continue operating its disposal wastepile under
Subtitle D-Plus. The wastepile would be retrofitted with run-on/run-off and wind dispersal/dust suppression
controls which, as with Subtitle C-minus, must be maintained through closure and the post-closure care period.
Groundwater monitoring and capping at closure is assumed to not be required for management units under
Subtitle D-Plus when the groundwater contamination potential is low, though wind dispersal/dust suppression
controls must be maintained.

Calcium Sulfate Wastewater Treatment Plant Siudge

Subtitie C

Under Subtitle C standards, generators of hazardous waste that is managed on-site must meet the
rigorous standards codified at 40 CFR Part 264 for hazardous waste treatment, storage, and disposal facilities.
Because copper calcium sulfate sludge is a slurry of non-combustible material, EPA has assumed in this
analysis that the sludge would be treated and solidified/stabilized in dual Subtitle C treatment surface
impoundments, and that the ultimate disposition of the stabilized sludge would be in a Subtitle C landfill.
To accommodate the portion disposed, EPA believes that, because of cost considerations, each facility operator
would construct two on-site treatment surface impoundments and one on-site landfill that meet the minimum
technology standards specified at 40 CFR 264, rather than ship the material off-site to a commercial hazardous
waste landfill.

Subtitie C-Minus

A primary difference between full Subtitle C and Subtitle C-minus is the facility-specific application
of requirements based on potential risk from the hazardous sludge. Under the C-minus scenario, as well as
the Subtitle D-Plus scenario described below, the degree of potential risk of contaminating groundwater
resources was used as a decision criterion in determining what level of protection (e.g., liner and closure cap
requirements) would be necessary to protect human health and the environment. Both facilities generating
potentially hazardous copper calcium sulfate sludge were determined to have a low potential to contaminate
groundwater resources. Therefore, under Subtitle C-minus, both facilities would be allowed to continue to
operate their present management units. Run-on/run-off controls are assumed to be required for the storage
impoundments and disposal units. Groundwater monitoring would be required for both facilities and would
continue through closure and the post-closure care period. In addition, the units must undergo formal closure,
including a cap of crushed stone underlain by a run-on/leachate collection system to remove the rainfall and
snowmelt that would be expected in short but intense surges. Post-closure care must be maintained (e.g.,
leachate/run-off collection and treatment, cap maintenance, and groundwater monitoring) for a period of thirty
years.
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In addition to the cost differences between full Subtitle C versus Subtitie C-minus that are attributabie
to the actual management units, an additional cost difference is associated with the relaxation of the sludge
stabilization/solidification requirements. Sludges are assumed to be disposed without stabilization/solidification
and the associated costs; in addition, the treatment units (i.e., settling ponds) used to separate sludge and
entrained water prior to cementation are no longer required.

Subtitle D-Plus

As under both Subtitle C scenarios, facility operators under the Subtitle D-plus scenario would be
required to ensure that hazardous contaminants do not escape into the environment. Like the Subtitle C-
Minus scenario, facility-specific requirements are applied to allow the level of protection to increase as the
potential risk to groundwater increases. As the two copper facilities with potentially hazardous copper
calcium sulfate siudge both have low potential to contaminate groundwater resources, the facilities are assumed
to be allowed to continue operating their disposal units under Subtitle D-Plus. The management units would
be retrofitted with run-on/run-off controls which must be maintained through closure and the post-closure care
period. Capping the units with crushed stone underlain by a run-on/leachate collection system (i.e., the same
as described in the Subtitie C-minus discussion above) is required and must be maintained through the post-
closure care period. Groundwater monitoring would not be required for these units because of the low
groundwater contamination potential.

In addition to the cost differences between full Subtitle C and Subtitle D-Plus that are attributable
to the actual management units, an additional cost difference is associated with the relaxation of the sludge
stabilization/solidification requirements. Sludges are assumed to be disposed without stabilization/solidification
and its associated costs; in addition, the treatment impoundments (i.e., settling ponds) used to separate sludge
and entrained water prior to cementation are no longer required.

6.6.2 Cost Impact Assessment Results

Copper Slag

Results of the cost impact analysis for the Playas smelter are presented for each regulatory scenario
in Exhibit 6-11. Under the Subtitle C scenario, Phelps Dodge’s annualized regulatory compliance costs are
estimated to be just over $8.6 million more than baseline waste management costs (about 17 times greater).
Over $6.7 million of the increased compliance costs would be for new capital expenditures, or approximately
78 percent of the total.

Under the facility specific risk-related requirements of the Subtitle C-Minus scenario, costs of
regulatory compliance are, for the sector, about 82 percent less than the full Subtitle C costs. Phelps Dodge’s
annualized compliance costs would be $1.1 million more than the baseline waste management costs (about 3
times greater than baseline). The primary savings over the full Subtitle C costs, due to the consideration of
risk potential, are the relaxation of technical requirements and the ability to use disposal wastepiles. New
capital expenditures, nearly 95 percent less than under full Subtitle C, would account for about $362,000 of
the incremental C-Minus compliance costs (about 34 percent of the annualized compliance cost).

Regulation under the Subtitle D-Plus program is assumed to require the same management controls
as under Subtitle C-Minus, with the exception that, because of the low risk classification, no groundwater
monitoring or capping at closure is required under this scenario. Phelps Dodge’s annualized regulatory
compliance costs would be $471,000 more than the baseline waste management costs (about 2 times the
baseline cost). This represents a decrease of 89 percent from the Subtitle C compliance costs, and a decrease
of 38 percent from the Subtitle C-Minus compliance costs.
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Compliance Cost Analysis Results for Management of
Copper Slag from Primary Processing®
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